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THE HISTOLOGY AND HISTOCHEMISTRY OF THE CUTICLE OF A 
SPIDER, TEGENARIA DOMESTICA (L.) 


M. T. SEWELL 


(From the Department of Zoology, Victoria University of Manchester, England) 


INTRODUCTION Although the cuticle of Tegenaria atrica was 
y ; described by Browning (1942) as possessing an 
Although in recent work on arthropod cuticles exocuticle, an cheated was said a be sartilene 
the eye se my mee a a ns aero and the present work was undertaken primarily 
Saeed an ees aeeueiee calc vo ace. to determine whether the cuticle of spiders does 
siete fh a velar Cae indeed differ in this way from that of arthropods 
ewitsch (1884), Wagner (1888) and Gaubert sient 
(1892) commented on the structure of the integu- 6 ee 
ment of spiders, and Bonnet (1907) gave an 
account of the cuticle in the Ixodidae. More 
recently the integument of spiders has been de- In this investigation the fully formed cuticle of 
scribed by Millot (1926, 1949) and Gerhardt and Tegenaria domestica (L) has been studied in de- 
Kastner (1937), and the cuticle of Limulus tail, but that of other species has been used for 
(Lafon 1948a), scorpions (Lafon 1948b), ticks comparison and confirmation of particular fea- 
(Lees 1946, 1947) and spiders (Browning 1942, tures. 
Cloudsley-Thompson 1950) have been investi- Both paraffin and frozen sections have been 
gated histochemically. used. For the histology of the cuticle, Carnoy’s 
The arthropod cuticle is now generally recog- fixative, although causing some shrinkage of the 
nised to consist basically of two fundamentally internal tissues, gave precise and vivid staining, 
different layers, the epicuticle and endocuticle and the cuticle itself was less prone to fragment 
(see reviews Wigglesworth 1948b, Richards 1951). in cutting. This fixative, Gilson’s mercuro- 
The epicuticle is perhaps best defined as the nitric mixture and 5% formaldehyde in 0.9% 
outermost, waterproofing layer of the cuticle, not saline were the fixatives most often employed. 
containing chitin and showing marked resistance The most successful embedding methods were 
to concentrated mineral acids. It has recently Peterfi’s double embedding technique (see Pantin 
been shown to be a structure consisting of several 1948) using celloidin in methyl benzoate and 
layers (Richards and Anderson 1942, Dennell paraffin wax, and ordinary paraffin-embedding 
1946, Wigglesworth 1947, 1948a, Lees 1947, Webb using dioxane (Carleton and Leach 1938) as the 
1947, Kramer and Wigglesworth 1950, Way 1950 dehydrating and clearing medium. 
and Dennell and Malek 1953). The endocuticle Because the body contents failed to support the 
is a much thicker layer containing chitin inti- relatively thin cuticle in hand or frozen sections 
mately linked with protein. An outer zone of of fresh material, histochemical tests were ap- 
the endocuticle is laid down before the new plied to frozen sections of formol-fixed material 
cuticle is exposed on moulting. This zone may embedded in 25% gelatin and subsequently 
be impregnated to varying extents with lipoids hardened in 5% formaldehyde (Carleton and 
and proteins to form an exocuticle which may Leach 1938). This treatment did not appear to 
undergo no further change or which may be have any significant effect on the results of the 
tanned to form a rigid brown layer (see review, tests quoted here. Some histochemical tests 
Richards 1951, and Blower 1950, 1951, Dennell were applied to paraffin sections. 
and Malek private communication). Both Heidenhain’s and Ehrlich’s haematoxylin 
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have been used both alone and with eosin, but by 
far the most useful results were obtained with 
Masson’s trichrome stain (Carleton and Leach 
1938). Mallory’s triple stain was also used but 
the results were less satisfactory than those ob- 
tained with Masson’s trichrome stain. Haema- 
lum alone, or in combination with acid fuchsin, 
metanil yellow and light green (Millot 1926), was 
employed and was a good nuclear stain but as 
with Mallory consistent differentiation was not 
always obtained. 

The procedure adopted for the determination 
of the iso-electric points using 0.1N potassium 
ferrocyanide and a 1% aqueous solution of ferric 
chloride was that described by Yonge (1932), 
except that owing to the difficulty of obtaining 
good hand sections, material was first fixed in 
formol saline, embedded in 25% gelatin and 
hardened with 5% formaldehyde. This pre- 
liminary treatment might be expected to in- 
troduce some error, especially since gelatin has 
an iso-electric point of its own, so that the results 
obtained are to be regarded with caution. They 
are of distinct value, however, in revealing dif- 
ferences between adjacent layers, and it is 
striking that they show close correspondence 
with those obtained in comparable regions of the 
cuticle in other arthropods. 


THE GENERAL APPEARANCE OF THE CUTICLE 


The cuticle of the cephalothorax of Tegenaria 
domestica is a shiny chestnut brown only sparsely 
covered with setae, but the abdomen has a dull 
downy appearance because of its dense felting of 
setae. The exuvium is brown in the cephalo- 
thorax and a pinkish fawn in the abdomen, 
indicating that some pigmentation is cuticular. 
The fact that the exuvium does not bear the dark 
bands and patches of the living animal, however, 
indicates that these are due to hypodermal 
(Millot 1926) and not to cuticular pigments. 
This view is confirmed by the observation of 
melanin-like granules in sections of the epidermis. 

In Myriapods (Blower 1950, 1951) and insects 
(Dennell and Malek private communication), 
three characteristic conditions of the cuticle have 
been recognized. The extremes are represented 
by the flexible arthrodial membranes where there 
is no impregnation of the endocuticle by lipo- 
proteins and the sclerites where the outer part 
of the cuticle is secondarily impregnated by these 
substances and subsequently tanned to form a 
rigid brown exocuticle. Intermediate, both topo- 
graphically and structurally between these two, 
occurs the intermediate sclerite condition in 
which the outer region of the cuticle is impreg- 
nated with lipo-proteins but is not tanned, so 
that the cuticle remains more or less colourless 
and flexible. 

These three well-defined regions are found in 
the fully formed cuticle of Tegenaria domestica 
and in the other spiders examined (A maurobius 


Annals Entomological Society of America 


[Vol. 48 


alropus, Aranea diadema, Ciniflo fenestralis, Meta 
reticulata and Thomisus abbreviatus). In Tegen- 
aria, the arthrodial membrane condition occurs 
between the joints of the appendages, between 
the appendages and the tergum and sternum of 
the cephalothorax, over the petiole and between 
the main cuticle of the abdomen and the spinner- 
ets. The intermediate sclerite condition is found 
over most of the abdomen, and the sclerite 
condition in the tergum and sternum of the 
cephalothorax, the joints of the appendages and 
the epigyne of the female. The following de- 
scription of these conditions applies to Tegenaria. 


The arthrodial membrane condition. 


As seen in frozen sections of the cephalothorax 
of Tegenaria, the arthrodial membrane is bounded 
by a refractile membrane less than one micron 
thick, with an undulating (Figure la), serrated 
(Figure 1b) or tubercled (Figure lc) periphery. 
As will be seen later, part at any rate, of this 
membrane is extremely resistant to the action of 
concentrated nitric acid, and is to be regarded as 
epicuticular. Beneath the epicuticle is an en- 
docuticle which may be as thick as 70u. The 
endocuticle is colourless and laminated horizon- 
tally, and appears to possess pore canals only in 
those regions where the epicuticle has a serrated 
periphery. The two constituent layers of the 
cuticle possess markedly different staining reac- 
tions. The epicuticle stains with the acid 
fuchsin of Mallory’s triple stain and with the 
iron haematoxylin of Masson’s trichrome stain. 
With the quadruple combination of stains de- 
scribed by Millot (1926), an outer fraction of the 
epicuticle appears to stain blue. This is possibly 
the equivalent of the outer epicuticle (Dennell 
1946) or paraffin epicuticle (Dennell and Malek 
1953) of insects. An inner fraction stains red 
and is possibly the equivalent of the inner epi- 
cuticle (Dennell 1946) or cuticulin layer (Dennell 
and Malek 1953) of the insect epicuticle. On 
the other hand, the endocuticle of the arthrodial 
membrane of Tegenaria stains uniformly but not 
intensely with the aniline blue of Mallory and 
the light green of Masson. In Millot-stained 
sections it remains more or less colourless or 
assumes a delicate mauve tinge. The behaviour 
of the arthrodial membrane cuticle of Tegenaria 
towards Mallory’s triple stain resembles that of 
the fore gut cuticle of Homarus (Yonge 1932) and 
the soft larval cuticle of Sarcophaga (Dennell 
1946). Dennell (1947a) has suggested that this 
differential staining with Mallory is probably 
fundamental to all arthropods. 


The intermediate sclerite condition. 


As stated previously, this condition prevails 
over the greater part of the abdomen. In 
transverse sections of the abdomen, an epicuticle 
and an endocuticle are again recognisable (Figure 
2). The epicuticle is less than one micron thick 
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Fic. 1. The arthrodial membrane condition of the 
cuticle—sections of paraffin-embedded material. Gilson 
fixation and stained with Masson’s trichrome stain. 

(a) part of the erthrodial membrane from between 

the tergun and leg with undulating epicuticle. 

(b) part of the arthrodial membrane from another 

part of the same region with serrated epicuticle. 

(c) part of the arthrodial membrane from between the 

sternum and the leg showing epicuticle with small 
tubercules. 
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and is both pale amber and refractile. Its sur- 
face is corrugated and the corrugations appear to 
be due to ridge-like thickenings in the epicuticle 
and not to a folding of it as is certainly the case 
in Thomisus abbreviatus, Meta reticulata and 
Aranea diadema. As previously described (Wag- 
ner 1888, Browning 1942) the corrugations appear 
in surface view as sinuous striae. In this type 
of cuticle a fine granular layer was sometimes 
seen to be detached from the surface. This may 
be the equivalent of the cement layer of the 


— epi. 
col. exo. 


—_— in.endo. 


epid. 


The Intermediate sclerite condition of the 
a transverse section of the abdomen. 
and stained with Masson’s trichrome 


Fic. 2. 
cuticle—from 
Gilson fixation 
stain. 


epicuticle described in some insects (Wiggles- 
worth 1947, 1948a, Kramer and Wigglesworth 
1950, Webb 1948, Way 1950, Dennell and Malek 
1953) and ticks (Lees 1946). The endocuticle 
of the intermediate sclerite condition differs from 
that in the arthrodial membrane in showing two 
zones, an outer, greenish, refractile and homo- 
geneous one deposited before the moult and an 


Pe bh ted 





in.endo 
epid. 


Fic. 3. The Sclerite condition of the cuticle—trans- 
verse section of the tergun of the cephalothorax. Gilson 
fixation and stained with Masson’s trichrome stain. 


ABBREVIATIONS 
b.m.—basement membrane 
br.p.c.—branches of pore canal 
endo—endocuticle 
in. endo—inner endocuticle 
epi.—epicuticle 
epid.—epidermis 
exo.—exocuticle 
col. exo.—colorless exocuticle 
tan. eco.—tanned exocuticle 
por. c.—pore canal 
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inner, colourless one deposited after it. In 
Ciniflo fenestralis, the optical difference between 
them is very well marked and in both species the 
properties of the outer zone of the endocuticle 
would, as will be seen later, seem to be due to the 
presence of lipo-proteins. The staining and histo- 
chemical reactions of the two zones differ con- 
siderably (see table 1). Although the outer zone 
of the endocuticle does not show the amber 
brown pigmentation characteristic of an exo- 
cuticle, it does as will be seen later show many 
properties of such a layer and will be referred to 
in this account as the ‘colourless exocuticle’. 
An apparently similar colourless zone is present 
in Tegenaria atrica (Browning 1942), in Myriapods 
(Blower 1951) and in insects (Ito 1951, Schatz, 
1952). It has been studied in detail in Peri- 
planeta by Dennell and Malek (private com- 
munication) who propose the term ‘colourless 
exocuticle’. Treatment with diaphanol reveals 
vertical striations, the pore canals, extending at 
least through the colourless exocuticle. The cu- 
ticle varies in thickness from 4u to 12u, the 
exocuticle representing half to two-thirds of the 
total thickness. It is difficult to be certain 
whether the epicuticle stains, but the exocuticle 
stains with haematoxylin or acid fuchsin whilst 
the inner zone of the endocuticle stains with 
aniline blue or light green. 


The Sclerite condition 


Frozen sections of this type of cuticle (Figure 3) 
are strikingly different from those of the arth- 
rodial membrane and intermediate sclerite condi- 
tions. An amber-brown refractile layer of an 
epicuticle of the order of 1 w in thickness with a 
detached granular layer overlying it is visible, 
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but the differentiation of the endocuticle is more 
complete than in the intermediate sclerite condi- 
tion. In the sclerite condition, the outer part 
of the endocuticle is tanned to form a rigid 
brown exocuticle recalling the exocuticle of insects 
(Wigglesworth 1933, 1948b, Pryor 1940b). In 
most individuals the outermost half of this 
tanned exocuticle is much darker and more 
homogeneous than the rest in which the colour 
diminishes in intensity inwards and in which 
horizontal laminae are usually visible. Beneath 
this tanned exocuticle is a colourless region con- 
sisting of an outer fraction rich in aromatic 
substances and lipoids, thus constituting a 
colourless exocuticle, and an inner fraction op- 
tically indistinguishable from it, to be called the 
inner endocuticle. Although the cephalothorax 
shows ridges forming an irregular network in 
surface view, no serrations are discernible in trans- 
verse sections such as are described by Browning 
(1942) in sections of the cuticle of Tegenaria 
atrica. Structures which will subsequently be 
compared with the pore canals of insects show as 
conspicuous vertical striations. In frozen sec- 
tions they appear to extend throughout the tanned 
exocuticle, but in diaphanol-treated material 
through the colourless part of the cuticle as well. 
The tanned exocuticle varies from 3 yu to 20 uw in 
thickness but it is considerably more over the 
epigyne. The colourless part of the cuticle is 
usually about 44 thick. The tanned part of the 
cuticle, that is the epicuticle and the brown 
exocuticle, does not stain at all except with the 
Millot quadruple combination of stains when a 
bluish membrane superficial to the amber part of 
the epicuticle is distinctly visible suggesting that 
as in the arthrodial membrane, the epicuticle is 
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SOME HISTOCHEMICAL REACTIONS OF THE CUTICLE OF Tegenaria domestica 
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at least a double structure. The colourless exo- 
cuticle stains with acid fuchsin and the inner 
endocuticle with aniline blue or light green. 
Sometimes with Masson’s trichrome stain, there 
is a narrow zone staining with haematoxylin 
between the tanned part of the exocuticle and 
the fuchsinophil colourless exocuticle. 


THE HISTOCHEMISTRY OF THE CUTICLE 


The cuticle of Tegenaria atrica is described by 
Browning (1942) as not possessing a superficial 
chitin-free epicuticle, or any layer containing 
“fats, lipins or waxes’. Cloudsley-Thompson 
(1950), however, has stated that some genera of 
spiders do possess an epicuticle which is ex- 
tremely resistant to the action of concentrated 
acids and yields fat-staining globules after treat- 
ment with chlorated nitric acid. The present 
work confirms Cloudsley-Thompson’s claim that 
spiders possess a lipo-protein epicuticle and 
shows that in Tegenaria domestica at any rate it 
is chitin-free. 

The histochemical reactions of the different 
parts of the cuticle in Tegenaria are summarised 
in Table 1. The well-defined refractile super- 
ficial layer of the cuticle referred to in the de- 
scriptions of the three cuticular conditions, will 
be observed from the table to give histochemical 
reactions characteristic of the cuticulin layer or 
protein epicuticle of insects (Dennell and Malek 
1953) and throughout this account will be re- 
ferred to as the cuticulin layer. Although on 
occasions an epicuticular layer with the extreme 
chemical resistance of a paraffin epicuticle, and a 
cement layer were visible, the histochemical re- 
actions of these two layers were rarely con- 
clusive. A wax layer was never observed in 
sections. 


The chitin content of the cuticle 


The distribution of chitin in the cuticle was 
examined by applying the chitosan test (Camp- 
bell 1929). Cuticles were treated with con- 
centrated potash at a temperature of between 
160° C and 163° C for a period from half an 
hour to two hours, washed with 90% alcohol in- 
filtrated with paraffin wax and then sectioned. 
The application of 0.2% iodine and 1% sulphuric 
acid showed a positive chitosan reaction in the 
whole of the endocuticle indicating the presence 
of chitin in the untreated cuticle, but a superficial 
layer in the sclerite and intermediate sclerite 
conditions was negative and assumed a yellowish 
colour. This is presumed to be the equivalent of 
the cuticulin layer of the epicuticle of Periplaneta 
(Dennell and Malek 1953) since treatment of the 
cuticle of this insect with alcohol directly after 
potash preserves the cuticulin layer through the 
insolubility of its protein in the potash (Malek 
1952). It is interesting to note here that when 
the cuticle is treated with water instead of al- 
cohol after potash, the protein is dissolved and 


Cuticle of Tegenaria domestica (L.) 


111 


the cuticulin layer is dispersed and completely 
disappears (Malek 1952). In Tegenaria, an ex- 
tremely delicate membrane bounding and some- 
times lifted from this cuticulin layer was observed 
in some preparations of the sclerite cuticle of the 
cephalothorax after potash treatment. This is 
presumed to be the equivalent of the outer 
epicuticle of Sarcophaga larvae (Dennell 1946) 
which remains after potash treatment and the 
highly resistant paraffin epicuticle of Periplaneta 
(Dennell and Malek 1953). <A superficial chitin- 
free, potash resistant layer homologous with the 
cuticulin layer of insects has been described in 
the scorpion by Lafon (1943b) who suggested 
that it consists of lipo-protein. 
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Fic. 4. Tangential section of a portion of the sclerite 
condition of the cuticle based on information from a 
chitosan (Campbell 1929) preparation and showing the 
distribution of the pore canals and their branches. The 
four canals on the left have been idealised, the others are 
as they appeared in the preparation. 


The protein and aromatic substances and tanning 
in the cuticle. 


Substances containing aromatic groupings dem- 
onstrated by the xanthoproteic and Millon 
reactions (Serra 1946) are present in the epicuticle 
everywhere and to varying degrees in the exo- 
cuticle as can be seen in Table 1. In the endo- 
cuticle of the arthrodial membrane they are 
present to only a slight extent, but in the exo- 
cuticle of the intermediate sclerite condition and 
the colourless exocuticle of the sclerite condition, 
the concentration is higher than in the other 
colourless parts of the cuticle. The tanned exo- 
cuticle of the sclerite condition is clearly positive 
to the Millon reaction but the degree of positivity 
is masked by the cuticular pigmentation. There 
is a gradual diminution in the positivity of both 
reactions in the sclerite and intermediate sclerite 
conditions from the outside towards the epidermis. 
In Ciniflo fenestralis, and Aranea diadema, where 
in the intermediate sclerite condition the optical 
distinction between the colourless exocuticle and 
inner endocuticle is very marked, the colourless 
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exocuticle is intensely positive to the Millon 
reaction whilst the inner endocuticle is only 
slightly positive, so that the limits of each layer 
are still sharply defined. 

A delicate purple coloration after the biuret 
test shows that peptide linkages are present in 
the whole of the endocuticle of the arthrodial 
membranes and intermediate sclerite condition 
and in the untanned part of the cuticle of the 
sclerite condition, but the results are obscured in 
the epicuticle everywhere and in the tanned 
exocuticle of the sclerite condition. This delicate 
purple colour with the biuret reaction is said to 
be given when the peptides are composed of at 
least three amino-acids, the colour being more 
reddish when simpler peptides are involved (Serra 
1946). The positive reactions to the biuret test 
together with the previous tests, indicate the 
presence of proteins as well as of aromatic 
groupings as such in the cuticle. However, it 
would appear that they are not simple proteins 
since the Millon positive material is not removed 
when the cuticle is treated with saturated solu- 
tions of pepsin or trypsin for 24 hours at 36° C. 

The results of the Millon and xanthoproteic 
reactions are paralleled by those given with 
Fontana’s reagent (the argentaffin reaction— 
Lison 1936). The silver nitrate of the Fontana’s 
reagent is reduced to a dark material in the 
epicuticle of all three conditions of the cuticle. 
The colourless exocuticle of the intermediate 
sclerite condition, in contrast to the inner endo- 
cuticle which remained colourless, assumed a 
fawn-brown colour, which however was not com- 
parable with that of the epicuticle. The whole 
of the tanned exocuticle of the sclerite cuticle of 
the cephalothorax reduced the silver nitrate to a 
very dark brown material, the colourless exo- 
cuticle became orange-brown. These results 
compare with those obtained in the cuticle of 
Periplaneta (Dennell and Malek private com- 
munication) where the colourless exocuticle gives 
a weakly positive argentaffin reaction in contrast 
to a strongly positive one in the tanned exocuticle. 
The argentaffin reaction is given by substances 
with marked reducing powers, for example, 
polyphenols, polyamines and amino-phenols (Li- 
son 1936), and has been taken generally to 
indicate the presence of polyphenols in the cuticle, 
but Dennell and Malek (private communication) 
give evidence indicating that tyrosine, an amino- 
acid, is also reactive. 

Although there is no concrete evidence to 
establish that hardening and darkening in Tegen- 
aria are the result of phenolic tanning, the fore- 
going results are consistent with that view, and it 
is supported by the effects of diaphanol (chlorine 
dioxide in glacial acetic acid). Diaphanol not 
only ruptures the aromatic nuclei (Blower 1948, 
1951) and so destroys the mechanical effects of 
tanning, but it also reveals the lipoid which is 
associated with the proteins of the tanned cuticle. 
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Both these effects are seen on treating the 
cuticle of Tegenaria with diaphanol, when the 
whole of the cuticle becomes colourless and 
flexible and the Millon, xanthoproteic and biuret 
tests become negative in all parts. In frozen 
sections of untreated material from Tegenaria, 
lipoids were demonstrated with Sudan Black B 
only in the cuticulin layer of the epicuticle of the 
arthrodial membrane and intermediate sclerite 
cuticles (Table 1). The Liebermann-Burchardt 
test (see Bolles Lee 1950) was weakly but defi- 
nitely positive in the intermediate sclerite 
epicuticle and colourless exocuticle, indicating 
that the lipoid is of the steroid type. After 
diaphanol treatment, however, Sudan Black B 
staining revealed a much wider distribution of the 
lipoids. The cuticulin layer of the epicuticle 
everywhere stained intensely, as did the tanned 
exocuticle and the colourless exocuticle in the 
sclerite and intermediate sclerite conditions. Over 
the arthroidial membranes and sclerite condition, 
the paraffin layer of the epicuticle was distinctly 
visible, staining even more intensely than the 
underlying cuticulin layer with the Sudan Black B. 

With diaphanol treatment it seems that the 
lipo-protein which fails to give a positive Sudan 
Black B reaction in the untreated condition is 
so affected that the bonds between the lipoid and 
the protein are ruptured freeing the lipoids to 
take up the stain. Gilson fixation without previ- 
ous diaphanol treatment, followed by paraffin 
embedding, appears to have a comparable effect, 
since it reveals the sudanophil material in the 
colourless exocuticle where presumably the poly- 
merisation between lipoid and protein is less 
complete, though not in the tanned regions of the 
cuticle. It has not been determined whether this 
unmasking is due to some oxidising effect exerted 
by the fixative, to the heat treatment of the 
paraffin technique or to the effect of alcohol and 
the other fat solvents used which Chargaff (1944) 
has mentioned as agents which are capable of 
destroying lipoprotein links. 

The change in physical and chemical properties 
brought about by diaphanol is probably respon- 
sible for the modification of the staining reaction 
which occurs in Tegenaria domestica and has been 
described as occurring in some other Arthropods 
(Dennell 1947b, Blower 1951, Malek 1952). In 
Tegenaria the characteristic staining reactions of 
the intermediate sclerite and sclerite cuticles with 
Mallory’s triple and Masson’s trichrome stain are 
completely removed. These regions now assume 
the general staining reactions of the relatively 


-uncomplicated arthrodial membrane condition, 


the cuticulin layer of the epicuticle staining red 
with Mallory and purple with Masson and the 
whole of the endocuticle blue or green according 
to the combination of stains used. A distinct 
membrane, superficial to the cuticulin layers, 
staining deeply with the haematoxylin of Masson’s 
trichrome stain was visible in the arthrodial mem- 
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brane and sclerite cuticles. This is the same 
superficial membrane which stained so intensely 
with Sudan Black B after diaphanol treatment 
and is presumed to be the equivalent of the 
paraffin epicuticle of insects. 

Causer (1953) has shown that in Calliphora 
phenolic hardening of the soft larval endocuticle 
to form the puparium is accompanied by a rise in 
the iso-electric point. The larval inner endo- 
cuticle before hardening and darkening of the 
outer endocuticle has an iso-electric point lying 
in the region of pH 3.5. After hardening and 
darkening to form the puparium, the inner en- 
docuticle has a changed iso-electric point in the 
region of pH 5.1. In Chilopods (Blower 1950) 
the cuticle is impregnated by a material called 
“prosclerotin” rich in phenolic groupings and in- 
soluble in both water and alcohol, and with an 
iso-electric point in the region of »H 5.0. In 
Tegenaria domestica a high ‘so-electric point in the 
region of pH 5.8 is character: stic of the colourless 
exocuticles in the intermedia‘ ite condition 
and of at least part of the untanned region of the 
cuticle in the sclerite condition, whereas the 
inner endocuticle of the intermediate sclerite 
condition has an iso-electric point of only pH 3.4. 
Malek (1952) and Dennell and Malek (private 
communication) have shown that the elevation of 
the iso-electric point accompanies the impregna- 
tion of the outer part of the cuticle with a protein 
in Periplaneta, and suggest that it is the protein 
itself which is responsible for the high iso-electric 
point. Although no developmental data are 
available for Tegenaria, it is probable that the high 
iso-electric point of some parts of the cuticle is due 
to an impregnating protein rich in phenolic groups. 

Blower (1950) suggests that ‘“‘prosclerotin”’ is 
the precursor of sclerotin and is also the phenolic 
substance responsible for its becoming tanned. 
He sees it as a self-tanning protein, the unit of 
which is probably tyrosine which has an iso- 
electric point similar to that of prosclerotin. This 
conception of the tanning process is at variance 
with the earlier conception of the tanning process 
as manifested by the hardening and darkening of 
the ootheca of the cockroach (Pryor 1940a) and 
of the larval endocuticle of Sarcophaga (Dennell 
1947a) to form the puparium. Here tanning is 
due to an alcohol-soluble phenol derived from 
the blood being oxidised to a quinone and com- 
bining with a water-soluble protein in the ootheca 
and in the cuticle. Both these are special cases 
but Dennell and Malek have recently shown that 
the hardening and darkening in Periplaneta are 
due to the polymerization of a lipoprotein mixture 
impregnating the pre-exuvial endocuticle, and the 
subsequent tanning of the outer part of this zone 
by the oxidation products of o-diphydroxyphenols. 
The phenols involved appear to be derived from 
the blood tyrosine and to be oxidised by a poly- 
phenol oxidase located in the cuticulin layer of 
the epicuticle. 
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No development study of the cuticle of Tegen- 
aria was undertaken for the present account and 
no dihydroxyphenols were revealed in the cuticle, 
or tyrosine or tyrosine-like substances in the 
blood. However, Millot and Jonnart (1933) have 
demonstrated phenolic substances in the cor- 
puscles and in the plasma of the blood of spiders 
before the moult. Deevey (1941) has also re- 
corded phenolic substances in the blood of Taran- 
tula. Although the present work does nothing to 
substantiate these observations, these authors 
have definitely established that in some spiders 
at any rate, there is a cycle of appearance and 
disappearance of phenolic substances in the blood 
correlated with the moult cycle. It might be 
assumed that a series of events occurs in spiders 
similar to that which occurs during the formation 
of the puparium in Sarcophaga (Dennell 1947a) 
and during the hardening and darkening of the 
cuticle in Periplaneta (Malek 1952, Dennell and 
Malek private communication). Whether the 
phenol which actually impregnates the cuticle is 
the same is difficult to ascertain at this stage, 
but in Tegenaria at any rate, the end product, a 
quinone-tanned lipo-protein would seem to be the 
same. 


The sulphur content of the cuticle 


In view of the reports of sulphur in the cuticle 
of some Arthropods (Trim 1941, Lafon 1943a), 
the possibility of tanning by the formation of 
cross linkages between protein molecules and 
molecules containing sulphur cannot be neg- 
lected, but in Tegenaria this form of linkage does 
not seem important. 

Lafon (1943a) described in the cuticle of Limu- 
lus a sclero-protein with a sulphur content of the 
same order as that of the vertebrate keratins, 
which softens and swells in sodium sulphide and 
eventually cleaves into fine lamellae. During 
the course of this work no confirmation of a high 
sulphur content has been obtained in Limulus or 
in Buthus sp., Tegenaria domestica, adult Tenebrio 
or Calliphora puparia using sheep’s wool and 
human hair as controls. 

The sodium sulphide test used by Lafon 
(1948a) gave results exactly comparable with 
those obtained from heating cuticles in 5% 
potassium hydroxide. All the cuticles treated be- 
came softer and more pliable, but hair and wool 
were dissolved in a few minutes. Any other ef- 
fects on the cuticles were difficult to assess 
quantitatively but in view of the similarity of the 
results from the sulphide and potash treatments, 
it seems that the behaviour of the cuticles in a 
solution of sodium sulphide cannot be regarded 
as substantial evidence for the presence or ab- 
sence of keratin-like substances. 

The lead acetate test for sulphur (see Cole 
1920) was negative in the cuticles and their 
potash extracts of Limulus, Buthus and Tegenaria, 
adult Tenebro and Calliphora puparium, but was 
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positive in the controls. More specific tests for 
cystine and cysteine, the principal amino-acids of 
vertebrate keratin, were also negative. Filter pa- 
per moistened with Nessler’s reagent to detect 
ammonia produced by hydrolysis of cystine with 
potash, turned a deep yellow colour when held in 
the mouths of the tubes containing wool or hair, 
and litmus paper turned from red to blue. The 
papers when held in the tubes containing cuticles 
remained unchanged. Acid hydrolysates of the 
controls to which lead acetate and sodium hy- 
droxide had been added turned brown indicating 
the presence of cystine or cysteine. Similar treat- 
ment of cuticular hydrolysates exhibited no simi- 
lar colour reaction. The acid hydrolysates were 
mixed with saturated ammonium sulphate solu- 
tion, then a few drops of a solution of sodium 
nitroprusside were added to each and made al- 
kaline with ammonium hydroxide. A _ purple 
colour given in the presence of cysteine or other 
compounds containing the thiol group —SH, was 
obtained in the control tubes but not in those 
containing cuticles. 

A one-dimensional paper partition chromato- 
graphic analysis of acid hydrolysates of the 
cuticles of Limulus and Buthus (using the method 
described by Consden, Gordon and Martin 1944) 
and using phenol and water as solvent and 
0.1% solution of ninhydrin in n-butyl alcohol as 
an indicator, failed to reveal stains on the filter 


paper at the positions which would be expected 
to be occupied by cystine, cysteine or their de- 
composition products. 

It must be stressed, however, that after acid 
hydrolysis, there was a residue, presumably epi- 


cuticular in origin, from cuticles. One is thus led 
to the conclusion that either there is no sulphur 
in the cuticle in any form as indicated by the 
negative results to tests, or it is such a chemi- 
cal state as not to be revealed by these par- 
ticular tests. It may be possible that the 
residues contain cystine or cysteine molecules or 
other molecules containing sulphur, linked in such 
a way with other molecules as to form a highly 
resistant material. If such a linkage does coccur, 
it is possible that these other molecules are 
quinones, since the presence of quinones has been 
demonstrated in several Arthropods, and links 
between sulphur-containing compounds and qui- 
nones are known to occur (Kuhn and Beinert 
1944, Snell and Weissberger 1939, Dimroth, 
Kraft and Aichinger 1940). Such a quinone-like 
compound might be one explanation of the ex- 
treme resistance to acids of the epicuticular as 
compared with all other organic material. 


THE EPICUTICLE 


The epicuticle of Arthropods is generally as- 
sumed to be the chitin-free layer of the cuticle. It 
either wholly or partly resists the action of con- 
centrated potash, as in the larva of Sarcophaga 
(Dennell 1946), some scorpions (Lafon 1943b) 
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and the cockroach (Malek 1952), or it dissolves 
as in some Crustacea (Yonge 1932, Drach 1939, 
Dennell 1947b). It has been defined as the layer 
of the cuticle which the pore canals do not 
penetrate (Richards and Anderson 1942) al- 
though epicuticles with pore canals have since 
been described (Wigglesworth 1947, 1948a, Webb 
1948, Way 1950). It has also been defined as 
the layer of the cuticle which is extremely re- 
sistant to the action of concentrated mineral acids 
and is the waterproofing layer of the cuticle. 

In recent years the epicuticle of some Arthro- 
pods has been shown not to be a simple layer of 
uniform composition as it appears in sections of 
most Arthropods on perfunctory inspection, but a 
complex of several layers. There are reported to 
be two layers in Periplaneta (Richards and 
Anderson 1942) and Sarcophaga larva (Dennell 
1946), four layers in Rhodnius (Wigglesworth 
1947), Ornithodorus (Lees 1947) Tenebrio (Wiggles- 
worth 1948a), Periplaneta (Kramer and Wiggles- 
worth 1950, Dennell and Malek 1953), three in 
Diataraxia larva (Way 1950) and no less than 
five in Eomenacanthus (Webb 1947). This diver- 
sity in the numbers of layers described rests 
partly on the methods of study employed and 
also apparently on the differences between hard 
and soft cuticles. 

Wigglesworth (1947, 1948a) recognises in the 
epicuticle an innermost cuticulin layer, generally 
about 1 uw thick which is penetrated by the pore 
canals and is highly resistant to acids. It is re- 
garded provisionally as consisting of polymerised 
lipo-protein produced by the _ sub-epidermal 
oenocytes and subsequently tanned by a quinone. 
Above it he describes the polyphenol layer 
secreted by the pore canals and giving an in- 
tensely positive argentaffin reaction, overlying 
which is the wax layer and above this again the 
cement layer. More recently, Dennell and Malek 
(1953) have extended the study of the epicuticle 
in Periplaneta. They maintain that the cuticulin 
layer described by W igglesworth is really a com- 
posite structure. An inner protein fraction, modi- 
fied in the region of the sclerites by impregnation 
by a sterol-protein, which is subsequently poly- 
merised and later tanned, is comparable with the 
inner epicuticle of blowfly larvae. A _ thinner 
more stable fraction composed fundamentally of 
unoriented lipoid of the paraffin chain type, is 
referred to by them as the paraffin epicuticle and 
compared with the outer epicuticle of blowfly 
larvae. They suggest that the polyphenol layer 
described by Wigglesworth is a developmental 
stage representing the secretion from the tips of 
the pore canals of the tyrosine-rich protein which 
impregnates the cuticulin layer and that it does 
not exist as a discrete layer in the fully formed 
cuticle. Above the paraffin epicuticle in Peri- 
planeta (Dennell and Malek 1953) is a wax layer 
in which is partly embedded a cement layer. 

In the foregoing sections reference has been 
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made to the presence of an epicuticle in Tegenaria. 
The isolated fragments of evidence will now be 
drawn together and supplemented to show that 
Tegenaria has a multiple epicuticle with layers 
comparable with those demonstrated in Peri- 
planeta (Dennell and Malek 1953). 


The cuticulin layer 

The optically visible, refractile layer of the 
order of 1 uw in thickness in all three conditions of 
the cuticle in Tegenaria domestica would appear 
to correspond with the cuticulin layer or the 
protein epicuticle of Periplaneta (Dennell and 
Malek 1953). In the arthrodial membrane it has 
been shown to exhibit several surface forms (fig. 
1.) and it stains with the acid fuchsin of Mallory’s 
triple stain and the haematoxylin and fuchsin of 
Masson’s trichrome stain. In the intermediate 
sclerite condition shown by the abdominal cuticle 
it is ridged in surface view and serrated in section 
(fig. 2). In the sclerite condition its outline is 
smooth in section (fig. 3) and it has a dark amber 
colour. In the sclerite and intermediate sclerite 
conditions it is negative to the Campbell chitosan 
reaction and gives a strong positive reaction 
to the xanthoproteic and Millon tests and reduces 
ammoniacal silver nitrate to a dark material in 
all three conditions. Only in the arthrodial mem- 
brane and intermediate sclerite condition does it 
stain with Sudan Black B indicating the presence 
of lipoids, but treatment with diaphanol followed 
by Sudan Black B-staining shows that lipoids 
are present also in the cuticulin layer of the epi- 
cuticle of the sclerite condition. A weakly posi- 
tive Liebermann-Burchardt reaction in the cutic- 
ulin layer of the abdominal cuticle indicates that 
the lipoid is of the sterol type. 

These reactions would suggest that the cuticulin 
layer of the epicuticle of Tegenaria like that of 
Periplaneta (Dennell and Malek 1953) consists of 
polymerized lipo-protein which in the sclerite 
cuticle is tanned. 


The paraffin layer 


Malek (1952) has shown that the outer epi- 
cuticle of the larva of Calliphora consists of a 
paraffin chain material very resistant to acid. 
During the present work this outer epicuticle was 
demonstrated also in the hardened puparium of 
Calliphora by treatment with dilute hydrochloric 
acid, and it appeared then as a delicate amber 
refractile membrane lifted from the rest of the 
cuticle. It is interesting to remark that a 
similar membrane was isolated from the fully 
formed leg cuticle of Periplaneta, from Limulus 
and a scorpion. Similar treatment of the leg 
cuticle (sclerite condition) of Tegenaria in pro- 
gressive dilutions of hydrochloric acid for varying 
lengths of time up to 24 hours, showed a similar 
delicate resistant membrane but this was not 
lifted from the rest of the cuticle, as might be 
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expected, but was isolated only after the com- 
plete dissolution of the other layers. 

This suggests that a similar paraffin-containing 
layer is present in Tegenaria, especially since 
treatment with cold concentrated nitric acid over 
long periods and with warm concentrated nitric 
acid over shorter periods isolates from all three 
conditions of the cuticle an extremely delicate and 
fragile almost flocculent membrane which stains 
with Sudan Black B. 

In histological sections it has been seen to 
colour differently from the cuticulin layer. After 
Millot-staining, it colours with the haemalum in 
the arthrodial membranes and sclerite type of 
cuticle of the cephalothorax, whilst the cuticulin 
layer stains with the acid fuchsin in the arthrodial 
membranes and not at all in the sclerite cuticle. 
Treatment of the cuticle with diaphanol reveals 
it as an extremely thin membrane bounding the 
cuticulin layer over the arthrodial membranes and 
sclerite conditions. This membrane stains more 
intensely with haematoxylin and Sudan Black B 
than the cuticulin layer. The nature of the 
lipoid responsible for the Sudan staining was not 
determined, however. Like the paraffin epi- 
cuticle of Periplaneta (Dennell and Malek 1953) 
this membrane superficial to the cuticulin layer is 
highly resistant to concentrated potash. Sec- 
tions of the sclerite cuticle of the cephalothorax 
which had been treated for two hours in a satur- 
ated potash at 160°C. showed it to be still 
present detached here and there from the under- 
lying cuticulin layer. 

No X-ray diffraction picture of this fragile 
layer could be obtained to show that the lipoid of 
this layer is of the paraffin hydrocarbon type, but 
all the evidence supports the view that it is 
homologous with the paraffin epicuticle of 
Periplaneta (Dennell and Malek 1953) 


The wax and cement layers 


Wigglesworth (1947, 1948a) and other authors 
have shown that a silver reducing layer of the 
epicuticle can be exposed by destroying the 
continuity of the wax and the cement layers with 
inert dusts. Individuals of Tegenaria domestica 
were treated with carborundum and ‘“‘Neosyl”’ 
(a proprietary electrolytically prepared form of 
silica). The former affects the surface layers by 
scratching and the latter by absorbing the 
lipoid wax material which they contain. The 
specimens were then immersed in ammoniacal 
silver nitrate after which the cuticles were re- 
moved and examined. The dense felting of hairs 
on the abdomen prevented any scratching with 
the carborundum there, but over the cephalo- 
thorax scratches were observed staining deeply 
after immersion in the silver nitrate. The effect 
of ‘“‘Neosyl’” in the abdomen was comparable. 
The particles of the dust tended to collect in the 
furrows between the corrugations and these areas 
reduced the ammonical silver nitrate. 
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Since the surface of the cuticle of whole in- 
dividuals does not reduce the silver nitrate with- 
out prior treatment, and since there is some sur- 
face material which can be removed by abrasion 
or adsorption to expose a silver-reducing material, 
it is indicated that there is present a layer or 
layers superficial to the silver reducing zone of 
the cuticle. This layer or layers appears to be 
responsible for the impermeability of the cuticle 
to water, since the removal of part of it by 
treatment with carborundum or ‘“‘Neosyl’”’ leads 
to a greater mortality rate amongst individuals 
kept at low relative humidities than in those 
kept at higher ones. Davies and Edney (1952 
have demonstrated that abrasion with inert dusts 
produces an approximately sixfold increase in the 
rate of evaporation from Lycosa amentata. They 
have also shown that the rate of evaporation in- 
creases abruptly at a critical temperature in Meta 
segmentata, Tegenaria derhami, Zilla atrica and 
Lycosa amentata and suggest that a discrete wax 
layer is probably present in the spider cuticle. 

Further, the fact that a cement layer is lifted 
from the surface of the cuticle of Tegenaria when 
alcohol and fat-solvents are used in fixation and 
dehydration also suggests that there is a fatty or 
waxy layer soluble in these fluids between the 
cement layer and the silver reducing layers of the 
epicuticle. The cement layer has been observed 
in paraffin sections of the intermediate sclerite 
and sclerite conditions of the cuticle but not in 
the arthrodial membranes. It is an extremely 
fine granular layer and stains with the light green 
of Masson’s trichrome and the aniline blue of 
Mallory’s triple stains. It answers to the general 
description of the cement layer of Rhodnius 
(Wigglesworth 1947), Ornithodorus (Lees 1947) 
and Tenebrio (Wigglesworth 1948a) and resembles 
closely the cement layer in photographs of the 
cuticle of Eomenacanthus (Webb 1947). However, 
the cement layer has been shown to be secreted 
by the dermal glands in Rhodnius, Tenebrio and 
Ornithodorus and there does not appear to be 
any form of dermal gland in connection with 
the cuticle in Tegenaria. It may be that some 
other gland is responsible for the secretion of the 
cement layer in Tegenaria since in the larva of 
Diataraxia (Way 1950) it is probably secreted by 
Vernon’s glands. 

Bonnet (1907) describes in the Ixodidae a 
phenomenon whereby guanine passes in the dis- 
solved state across the cuticle to crystallise at 
the surface. In view of this and the considerable 
amount of guanine present in spiders and of the 
fact that the cement layer has a granular and 
possible crystalline nature, tests for purines were 
applied to the cuticle. The results, however, 
were negative. 

THE PORE CANALS 


Pore canals have been described in the cuticle 
of many insects and crustacea. In the Arachnida 
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less is known of them but channels containing 
cytoplasmic filaments have been demonstrated in 
the ticks (Lees 1946) and homologised with the 
pore canals of insects, and vertical striations in 
the ‘“‘exocuticula”’ of Tegenaria atrica (Browning 
1942) and in both exocuticle and endocuticle of 
Limulus (Lafon 1948a) have been described. 

In this investigation of the cuticle of Tegenaria 
domestica, vertical striations, the pore canals, can 
be seen extending through the endocuticle of some 
areas of the arthrodial membranes. They are 
visible in the colourless exocuticle of the inter- 
mediate sclerite condition only after diaphanol 
treatment, but in the sclerite condition they are 
clearly visible in ordinary frozen and _ paraffin 
sections extending throughout the whole of the 
tanned exocuticle. Treatment with diaphanol, 
however, reveals that they extend through the un- 
tanned part of the cuticle as well. As in Jxodes 
(Lees 1946) these pore canals do not appear to pen- 
etrate the amber layer of the epicuticle (the cuti- 
culin layer) in ordinary sections, but treatment 
with diaphanol reveals that they do. In the outer 
homogeneous part of the tanned exocuticle, 
their courses appear to be deflected, all the courses 
being deflected in approximately the same direc- 
tion (fig. 3). The reason for this deflection is not 
known. In slightly tangential sections of the 
sclerite type of cuticle to which the Campbell 
chitosan reaction has been applied, the whole of 
the exocuticle and endocuticle turns a purple-red 
colour as previously described, indicating the 
presence of chitosan and therefore of chitin in the 
untreated cuticle, whilst the pore canals assume 
the same colour but much more intensely and so 
stand out clearly from the rest of the cuticle 
(fig. 4). In these preparations they do not show 
as simple striae as they appear in frozen and 
stained sections, but as in some insects (Plot- 
nikow 1906, Richards and Anderson 1942, Den- 
nell 1943, 1946, Way 1950), each canal is pro- 
duced into a number of fine branches and it is 
these branches which abut on the inner edge of 
the amber part of the epicuticle. The central 
part of each canal is expanded and coiled in a 
spiral resembling the pore canals of the two-day 
third instar larva of Sarcophaga (Dennell 1943, 
1946), those of the cockroach (Richards and 
Anderson 1942) and of the adult Tenebrio (Wigg- 
lesworth 1948a). Proximally the canals become 
slender again and end at or near the junction 
between the tanned and untanned exocuticle. 

The fact that they contain chitosan positive 
material indicates at once that the canal contents 
are cuticularised at least in the later stages of 
the instar and so differ from the pore canals of 
the cockroach (Richards and Anderson 1942), 
Ixodes (Lees 1946) and Tenebrio (Wigglesworth 
1948a) which never contain chitin. The contents 
of the pore canals of the cockroach have been 
suggested to be fluid, not protoplasmic but a salt 
solution, whilst those of Jxodes (Lees 1946) 
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would appear to be cytoplasmic as in the young 
Sarcophaga larva (Dennell 1946). 

The staining reactions of the canal contents 
show that their chemical composition is not con- 
stant throughout the instar. In stained sections 
of the cephalothorax directly after the moult, the 
canals are not visible at all in the acidophil 
cuticle but in sections of the older, partly tanned 
cuticle, they appear and stain with the acid 
fuchsin of Mallory triple and the Masson tri- 
chrome stains. It is difficult to determine 
whether or not they are staining distally for here 
they appear as fine dark lines in the outermost 
part of the tanned region. In fully hardened and 
darkened cuticles, the canal contents do not ap- 
pear to stain at all and are visible only as dark 
lines along the whole of their length. These 
staining reactions would suggest that in the 
early stages of the instar, the canals have cytoplas- 
mic contents or contain a material similar in 
composition to that of the surrounding cuticle. 
As the cuticle hardens and darkens, the contents 
would seem to be impregnated with the sub- 
stances which impregnate the exocuticle, namely 
protein and lipoid and then like the brown 
exocuticle are finally tanned, so losing their 
ability to stain. This is supported by the fact 
that in the sclerite condition after diaphanol 
treatment, the canals where they extend through 
the region representing the tanned exocuticle 
stain with Sudan Black B. 

In being both chitinised and tanned the pore 
canals of Tegenaria domestica resemble those of 
the larva of Diataraxia (Way 1950). The pore 
canals of Tenebrio are also tanned but differ 
from those of Tegenaria in that they do not at 
any stage contain chitin. 
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SUMMARY 


The cuticle of Tegenaria domestica consists 
basically of epicuticle and endocuticle and shows 
modifications into three well-defined conditions 
or types—the arthrodial membrane condition, 
the intermediate sclerite condition characteristic 
of the abdomen, and the sclerite condition 
characteristic of the hard parts of the cephalo- 
thorax and appendages. 

The endocuticle in the arthrodial membranes is 
colourless and laminated but elsewhere its outer 
part is impregnated with aromatic substances 
and lipoids to form an exocuticle. In the inter- 
mediate sclerite condition, the exocuticle is re- 
fractile and colourless but in the sclerite condi- 
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tion its outer and greater part has undergone 
hardening and darkening to form a rigid brown 
exocuticle overlying the thin colourless endo- 
cuticle. 

Histochemical evidence is consistent with the 
view that the hardening and darkening process is 
due to phenolic tanning. There is no evidence 
that cross-linkages between sulphur-containing 
molecules and proteins are involved. 

Like the epicuticle of insects, that of Tegenaria 
does not contain chitin but appears to consist of 
lipo-protein. There is some evidence of an over- 
lying, thinner and more resistant paraffin layer 
such as occurs in some insects. No discrete 
polyphenol layer has been recognised but a 
cement layer is demonstrated histologically and 
there is strong presumptive evidence for the 
presence of a water-proofing wax layer. 

Pore canals are present and in parts of the 
sclerite cuticle are branched distally and coiled 
in their middle region. In the fully formed 
sclerite cuticle their contents contain chitin and 
appear to be tanned at least distally where they 
extend through the tanned exocuticle. 
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PERSISTENT DIURNAL RHYTHMICITY IN DROSOPHILA EMERGENCE! 


WILLIAM J. BRETT 


The phenomenon of periodicity in living organ- 
isms has been known, and utilized, by man for a 
long time. There have been many reviews of 
the literature on rhythmicity. Bouvier (1922) 
presented a review of much of the work com- 
pleted prior to 1910. Welsh (1938), Park (1940), 
Brown (1944), and Kleitman (1949) reviewed 
much of the more recent work. Only within 
recent years has it been realized that such 
rhythms need not always be the result of direct 
induction by rhythmically varying environmental 
factors. In numerous cases this rhythmicity may 
be determined by an endogenous physiological 
rhythm or an internal mechanism. Rhythms 
that persist for longer or shorter periods in 
the absence of environmentally fluctuating fac- 
tors, and hence regulated by the rhythmic 
mechanisms within the organisms, are termed 
persistent ones. Persistent rhythms have been 
described for numerous organisms, both plant 
and animal. They usually appear to be deeply 
ingrained and highly stable, and have a remark- 
able precision. Those persistent rhythms prob- 
ably most investigated at this time are diurnal 
ones. Some of the best examples are to be 
found among the arthropods. 

Perris (1853), working with nocturnal elaterid 
beetles, noted that when the beetles were en- 
closed in a box, they remained motionless during 
the day and became active with the coming of 
night. One of the first demonstrations of a 
persistent rhythm under carefully controlled con- 
ditions was performed by Dubois (1896) * working 
with luminescence in the elaterid beetle, Pyro- 
phorus noctilucus. He observed that when Pyro- 
phorus was enclosed for several days in a dark 
cabinet, with relatively constant temperature, it 
became active and emitted light at the same hour 
every evening. 

Much of our knowledge of persistent diurnal 
rhythms has been the result of study of persisting 
periodic pigment changes in insects and crusta- 
ceans. Kiesel (1894) 4 observed that the eye pig- 


1This investigation is a portion of a dissertation sub- 
mitted in partial fulfillment of the requirements for the 
Ph.D. degree in biology at Northwestern University in 
June, 1953. The author wishes to express his sincere 
appreciation to Dr. Frank A. Brown, Jr. and Dr. Orlando 
Park for their advice and helpful criticism during the 
course of this investigation. 


2Cited from Bouvier (1922). 
3Cited from Bouvier (1922). 
4Cited from Bouvier (1922). 


ment of the noctuid moth, Plusia gamma, ex- 
hibited diurnal changes in position even when 
the organisms were kept for several weeks in 
constant darkness. Welsh (1930) was the first 
to report on the persistence of a daily rhythm in 
the movement of pigment in the crustacean eye. 
Gamble and Keeble (1900) reported a diurnal 
rhythm of integumentary color change in the 
prawn, Hippolyte varians. Similar rhythms of 
color-change were described in the walking-stick, 
Dixippus morosus (Schleip, 1910) and in the iso- 
pod, Jdothea (Menke, 1911). Menke found the 
rhythm to persist for as long as 60 days in condi- 
tions of continuous darkness. 

Investigators who have helped to clarify the 
characteristics of the rhythm and to obtain some 
indications of the nature of endogenous regulat- 
ing mechanisms include Bennitt (1932), Welsh 
(1935 and 1936), Brown and Webb (1948 and 
1949), Webb (1950), Brown and Stephens (1951), 
and Brown and Hines (1952). 

Park and Keller (1932) working with a cock- 
roach, Parcoblatta pennsylvanica, and a beetle, 
Boletotherus cornutus, both of which are active at 
night and inactive during the day under normal 
conditions, found that only the beetle exhibited a 
persistent diurnal rhythm of activity under condi- 
tions of constant darkness and temperature. 
Crawford (1934) and Park (1935) describe addi- 
tional work on persistent diurnal rhythmicity as 
it pertains to animals whose activity is chiefly 
nocturnal. 

Two types of theories concerning the origin of 
persistent diurnal rhythmicity in the evolution of 
life have been advanced. Bouvier’s (1922) re- 
view indicates that many workers at one time 
believed the method of establishment was in 
accord with the Lamarckian theory; the rhythms 
were believed to be acquired and then trans- 
mitted. Perhaps a more generally acceptable hy- 
pothesis at the present time is that protoplasmic 
rhythms which arose and were in synchrony with 
the rhythms in the varying physical environment, 
were maintained and strengthened by the process 
of natural selection. The view is given strong 
support in the fact that the mechanism is com- 
monly temperature independent (Brown and 
Webb, 1948), a fact essential to its selectively 
useful characteristic. 

The following experiments were performed to 
attempt to clarify the problem of rhythmicity in 
the emergence of insect imagoes. Bremer (1926) 
working with the Mediterranean flour moth, 





120 


Ephestia kuhniella, and Lewis and Bletchly (1943) 
with the dung-fly, Scopeuma, report persistent 
rhythms of emergence. These investigators find 
that the emergence rhythm is less pronounced in 
cultures maintained in constant conditions. 
Bremer attributes a normal reinforcement of the 
emergence rhythm to rhythmical temperature 
changes. Lewis and Bletchly, on the other hand, 
believe the daylight-darkness rhythm is the re- 
inforcing factor. 

Scott (1936) repeated Bremer’s (1926) work 
and also included two experiments with Dro- 
sophila. He found a rhythm of emergence when 
the culture was kept in constant darkness and 
attributes the rhythm to temperature change. 
Banning (1935) and Kalmus (1935) believed 
norma, light changes to be the important factor 
in inducing the emergence rhythm but found 
that change of temperature and 02 tension could 
vary the frequency of emergence considerably. 
Binning found that external changes have little 
effect on the emergence rhythm, and that after 15 
generations had been kept in constant light, 
temperature, and humidity, the experimental ani- 
mals still exhibited the emergence rhythm. 

Kalmus (1940) reported that cultures. of 
Drosophila which were exhibiting no emergence 
rhythm, could be made to have such by a single 
4-hour period of illumination. It would be in- 
teresting to learn whether the phases of the 
subsequent emergence rhythm were related in any 
definite manner to the time of day of the single 
light period. 

In experiments about to be described, Dro- 
sophila melanogaster was chosen for three reasons. 
(1) The short life cycle of Drosophila makes it 
ideal for this type of experiment. (2) The life 
history of Drosophila has been described so thor- 
oughly that one can predict quite accurately the 
stage of development after any given period of 
time. (3) Although several investigators have 
worked with Drosophila with respect to persistent 
rhythmicity, the results vary and in many cases 
are incomplete and inconclusive. Therefore, fur- 
ther experimental work is indicated. 

It is the purpose of this investigation to study 
the effect of light and temperature stimuli on 
rhythm of emergence of the imagoes at different 
stages of the life cycle of Drosophila melanogaster. 
An attmept will be made to illustrate the presence 
of a persistent rhythm in these organisms and, if 
there is such, to determine its characteristics. 


MATERIALS AND METHODS 


All the animals used in these experiments were 
Drosophila melanogaster of the variety Oregoni, 
wild type (+)°. The stock supply of flies was 
maintained in the laboratory where the only 


‘Flies were obtained through the kindness of Dr. G. 
H. Mickey and Dr. J. Blount, who also made available 
much necessary information concerning the raising and 
care of the flies. 
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illumination was that provided by large east 
windows. The flies were subjected to the natural 
day-night light changes. Conditions of darkness 
were obtained by placing the flies in an experi- 
mental dark room. Light sources used for ex- 
perimental stimuli were either (1) fluorescent 
lights providing an intensity of 35 foot-candles or 
(2) the normal daylight of the laboratory. Nor- 
mal cycles of day-night lighting were obtained by 
placing the flies in the room with the stock 
cultures. 

Constant temperatures were obtained by im- 
mersing culture bottles in a temperature-regulated 
water bath. During the winter months, it was 
possible to dispense with the water bath as the 
laboratory temperature varied only + 1° C. Dur- 
ing the summer months, certain designated cul- 
tures were subjected to the range of temperature 
change experienced in the laboratory and which 
reflected in part the normal diurnal and day by 
day outside temperature fluctuations. Tempera- 
ture conditions will be stated for each experiment. 

When it was necessary to have cultures of 
flies at precise stages in their life cycle, these 
were obtained in the following manner. Flies 
were placed for one to two hours on fresh culture 
medium to allow the females to deposit the eggs 
which were present in their uteri. These eggs 
were then discarded but the flies were immediately 
transferred to fresh culture medium and _ per- 
mitted to oviposit for periods of one to three 
hours. This procedure assured eggs in approxi- 
mately the same stage of development. The 
flies were removed. By employing chronological 
tables of Drosophila development (Demerec, 1950) 
cultures of known developmental stages were ob- 
tained. In this manner it was possible to sub- 
ject various known developmental stages to light 
and temperature changes. 

In determining whether an emergence rhythm 
was present in an experimental series, and if so, 
what was its character, the flies that had emerged 
were removed and counted at 3-hour intervals. 
These counts were made at 12 midnight, 3, 6, and 
9 a.m.; 12 noon, 3,6,and9p.m. In the majority 
of experiments no determinations were made until 
12 to 24 hours following the appearance of the 
first emergents. This procedure obviated the 
necessity of taking readings during a period when 
the rate of emergence was too small to yield 
sufficient information. A fly was considered to 
have emerged when it was completely freed from 
its puparium. In experiments performed in dark- 
ness, a weak ruby light was used to assure com- 
plete removal of all the emerged flies in the 
culture bottles. At the time of determination 
each culture bottle was exposed to the ruby light 
for a period of not more than one minute. This 
light would not be expected to induce emergence 
rhythm inasmuch as it was repeated eight times 
a day over several days. 

The rate of emergence for each three-hour 
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interval during a day was expressed as a per- 
centage of the flies that emerged during the whole 
24-hour period. The actual number of emergents 
was employed (fig. 1) to illustrate normal distribu- 
tion of emergences over a period of several days 
from a single 12-hour oviposition period. 

In order to determine the effect of reversal 
of the normal diurnal light changes at different 
stages in the life cycle the following series of 
experiments was performed. Control cultures 
were exposed to light from 6 a.m. to 6 p.m. and 
darkness for the remainder of each 24-hour 
period beginning with the time of oviposition 
and culminating with emergence. Experimental 
cultures were exposed to normal daily light cycle 
for periods of 2, 4, 6, or 8 days and then subjected 
to a reversal of the illumination cycle (light from 
6 p.m. to 6 a.m.) and maintained through the 
period of emergence. One set of cultures was 
maintained for the complete period under the 
reversed lighting conditions. 

The duration of a period of illumination at 
35 foot-candles necessary to evoke a persistent 
diurnal rhythm of emergence was determined. 
Cultures were kept from the time of oviposition 
in constant darkness, except for a single light 
stimulus of varying durations ranging from 1 
minute to 24 hours. The stimulus was applied 
five days after oviposition, as this had been 
established by previous experiments to be an 
effective time for a period of illumination to 
induce a persisting diurnal emergence rhythm. 

Exploratory experiments had shown that the time 
at which the eggs which produced the parental 
stock had been deposited, or the time at which the 
parent stock had emerged, had no apparent effect 
upon the time of emergence of the succeeding 
generation of flies. These conclusions were reached 
by the following types of experiments. Flies were 
allowed to oviposit for 1-hour periods at 6 a.m., 
12 noon, 6 p.m., and 12 midnight and then a set 
of cultures from each oviposition period was 
placed in constant darkness and another set in 
normal day-night conditions. Those cultures 
placed in normal day-night conditions exhibited 
the normal diurnal rhythm of emergence with 
the peak, in all cases, occurring between 6 a.m. 
and 9a.m. The cultures placed in constant dark- 
ness exhibited no demonstrable diurnal rhythm. 

The relationship between time of parent stock 
emergence and time of emergence of succeeding 
generations was studied in the following manner. 
Emergents were collected at two hour intervals 
and placed on fresh media either in constant 
darkness or in normal day-night conditions. 
These flies were permitted to oviposit over a 
period of at least 24 hours and then removed. 
Those cultures kept in normal day-night condi- 
tions of illumination showed the normi. diurnal 
emergence rhythm, with maximum at 6 a.m. to 
9 a.m. The cultures in darkness, on the other 
hand, exhibited no rhythm of emergence. 
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RESULTS 


A. Daily rhythm of emergence under normal day- 
night illumination changes 


1. Under normal fluctuating temperatures of 
the laboratory 


This set of experiments was one of those 
performed to establish a control for all the later 
experiments. During the course of this experi- 
ment there was usually a diurnal fluctuation of 
temperature of about 5° to 7° C. and a fluctuation 
from day to day. The results of an experiment 
of this type are presented in fig. 1. This figure 
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FIGURE | 


Fic. 1. Emergence in cultures exposed to normal 
day-night light changes and temperature conditions of 
the laboratory. 


demonstrates that there is a diurnal rhythm in 
emergence of the flies with maximum emergence 
occurring between 6 a.m. and 12 noon and a 
minimum emergence between 6 p.m. and 3 a.m. 
In figure 1A the actual number of emergents is 
plotted against time of day. By employing this 
method it is possible to demonstrate the normal 
emergence-distribution curve resulting from a 
single limited period of oviposition as well as the 
daily rhythm of emergence. In figure 1B, the 
same data are plotted as percentages of daily 
emergents at each time during a 24-hour cycle. 
The latter method of illustrating an emergence 
rhythm will be that utilized throughout the 
remainder of this report. This experiment was 
repeated several times with essentially similar 
results. 
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2. Under conditions of constant temperature 


Concurrently with one of the preceding series, 
an experiment was carried out under conditions 
of constant temperature. The results of this 
experiment together with the one under conditions 
of fluctuating temperature are illustrated in 
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FIGURE 2 
Fic. 2. Emergence in cultures exposed to normal 
day-night changes and temperature conditions of the 
laboratory (A) and in cultures maintained ina water 
bath at 21°C. (B). 


figure 2. An examination of the two curves 
suggests that there is no significant difference 
between them either with respect to phase or 
amplitude of the rhythm. Those cultures kept at 
constant temperature (21°+0.5°C.) following 
the oviposition period emerged four days later 
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FIGURE 3 


Fic. 3. Emergence in cultures in which the parent 
stock of (A) was maintained in continuous darkness for 
two generations and permitted to oviposit for a 24 hour 
period beginning at 9 p.m.; (B) was maintained under 
normal day-night conditions of the laboratory and per- 
mitted to oviposit in darkness for a 24 hour period begin- 
ning at 9 p.m.; and (C) was maintained under normal 
day-night condition of the laboratory and permitted to 
oviposit from 12 midnight to 12 noon while still in normal 
day-night conditions and then placed in constant dark- 
ness. All the cultures were kept in darkness for the 
duration of the experiment. 
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than those flies subjected to the higher and 
fluctuating temperatures of the laboratory, but 
the emergence rhythms of both sets were quite 
similar. 


B. Daily distribution of emergences in constant 
darkness 


Figures 3A, B, and C show the emergence from 
cultures maintained in constant darkness but 
which were obtained from parent stock that had 
been kept under different conditions of illumina- 
tion. In one experiment (fig. 3A) the culture 
was obtained from parent stock that had been 
kept in constant darkness for at least 2 complete 
generations and permitted to oviposit for a 
24-hour period beginning at 9 p.m., May 15, 1952. 


PERCENTAGE OF EMERGENTS 


A.M 
FIGURE 4 


Fic. 4. Emergence in cultures kept in constant light 
of 35 foot-candles. Oviposition occurred over a 24 hour 
period in (A), a 4 hour period in (B), and a 1 hour period 
in (C). In (D) parent stock oviposited in the dark for a 
24 hour period; the cultures were left in constant darkness 
for 48 hours more and then placed in constant light. 


The results expressed in figure 3B were obtained 
by permitting flies maintained under normal 
day-night light changes to oviposit in darkness 
for 24 hours beginning at 9 p.m. on May 15, 
1952. The culture thus obtained was then 
continued in constant darkness. The data plotted 
in figure 3C show the results obtained from 
allowing flies kept in normal day-night lighting 
conditions to oviposit between 12 midnight and 
12 noon on June 10, 1952, and then placing 
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the resulting culture in constant darkness. All 
three of the experimental conditions just described 
resulted in cultures exhibiting no emergence 
rhythm. There was, therefore, no rhythm of 
emergence passed onward from parent stock to 
the offspring. In none of these three experiments 
was the culture exposed to any light during any 
stage in the life cycle, except in the last one 
where only the early prelarval stages were 
exposed to light. 


C. Daily distribution of emergences in constant 

light 

The temporal distribution of emergences in 
constant light of 35 foot-candles is illustrated in 
figure 4A, B, C, and D. Figure 4A depicts the 
emergence over a four-day period for cultures 
resulting from a 24-hour period of oviposition 
from 9:30 a.m., December 8, 1952. The emer- 
gences are randomly distributed as shown by 
the composite curve for the four days. Oviposition 
took place over a 4-hour period in the cultures, 
the distribution of emergences within which 
are seen in figure 4B. Again, there is no evident 
emergence rhythm. The peak at 9 a.m. on the 
first day is a result of the rapid normal increase 
in the actual number of emergents during the 
first day. This can not be interpreted as a 


24-hour phenomenon, but rather one which is 
expressed only once in each culture regardless 


of the length of the emergence period. This 
absence of a diurnal emergence rhythm is clearly 
demonstrated again in figure 4C. In _ this 
experiment, oviposition was limited to a 1-hour 
period from 12:30 to 1:30 p.m., December 20, 
1952. Here it is seen that the distribution of 
resulting emergences is restricted approximately 
to a two-day period, with a simple normal 
distribution of emergences over this whole period. 

In another experiment, flies were allowed to 
oviposit in darkness for 24 hours between 10 a.m., 
January 13, 1953 and 10 a.m., January 14, 1953. 
The cultures were then left in complete darkness 
for two more days and then placed in constant 
light at 35 foot-candles at 10 a.m., January 16, 
1953. The results are graphically shown in 
figure 4D. The distribution of emergences is 
random. 


D. Persistence of the daily emergence rhythm 


Figures 5A, B, C, and D show the distribution 
of emergences in cultures maintained in constant 
darkness but exposed to one or two normal day- 
night cycles of illumination at one or another 
stage in their life cycle. In four experiments the 
organisms were exposed to light during (1) the 
first larval instar, (2) the second larval instar, 
(3) the third larval instar, and (4) the pupal 
stage. Experiments with the last three stages, 
the results of which are represented in figures 
4B, C, and D respectively, all show a definite 
persistent rhythm with the amplitude similar to 
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that exhibited in cultures exposed to normal 
day-night lighting changes (fig. 1B). 
Examination of figure 5A indicates that while 
there is a diurnal emergence rhythm during the 
first two days this rhythm diminishes after this 
time. This experimental culture was exposed to 
one day-night cycle, from 12 noon, June 11, 1952 
to 12 noon, June 12, 1952 and oviposition con- 
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FIGURE 5 


Fic. 5. Emergence in cultures kept in constant dark- 
ness but exposed to one or two normal day-night cycles 
of illumination at one or another stage in their life 
cycle. Oviposition occurred over a 24 hour period in 
each series. The cultures were exposed to a single day- 
night cycle of illumination during the period of oviposi- 
tion in (A), in (B) they were exposed to two cycles 2 
days after the start of the oviposition period, in (C) they 
were exposed to a single cycle 4 days after the beginning of 
oviposition, and in (D) the single cycle was submitted 8 
days after start of oviposition. 


tinued over this entire period. This resulted in 
some of the eggs (those oviposited early in the 
24-hour period) hatching before the culture had 
been returned to constant darkness. Therefore, 
some of the first stage larvae were exposed to 
light for a period of time prior to noon on June 12, 
1952. Those eggs laid later in the 24-hour 
period, on the other hand, had not hatched 
before the culture was placed in constant darkness 
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and were, therefore, not exposed to light except 
as a prelarval organism. The results indicate 
that it was the emergence of those individuals 
exposed to light in the first larval stage that 
accounts for the existence of a persistent rhythm 
of emergence during the first two days of the 
emergence period. Further, this rhythm dimin- 
ishes as these latter individuals complete their 
emergence. 
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FIGURE 6 

Fic. 6. Emergence in cultures oviposited over a 24 
hour period under normal conditions of the laboratory 
and then exposed to three complete daily light cycles in 
(A), to five cycles in (B), and to seven cycles in (C); 
the cultures were then placed in constant darkness. 
Culture (D) was maintained under normal day-night 
conditions of the laboratory for the duration of the 
experiment. 


The general characteristics of the persisting 
daily emergence rhythm in constant darkness 
following exposures of the cultures to 3, 5, and 
7 complete daily light cycles, beginning with 
oviposition, were studied. The results are shown 
in figure 6, which also includes the rhythm in 
cultures subjected to continuing normal day-night 
light cycles. Curve A represents the emergents 
from cultures that were exposed to normal 
conditions for three days, curve B those exposed 
for five days, and curve C those exposed for seven 
days. In every instance the persisting rhythm 
resembles curve D very closely with respect to 
both phase and amplitude. 
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FIGURE 7 


Fic. 7. Emergence in cultures exposed to light of 35 
foot-candles from 6 p.m. to 8 a.m. and to light of 55 foot- 
candles from 8 a.m. to 6 p.m. for the duration of the 24 
hour period for the duration of the experiment. 
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It was possible (fig. 7) to effect a diurnal 
emergence rhythm in a culture of Drosophila by 
subjecting the organisms to a higher illumination 
(55 foot-candles) from 8 a.m. to 6 p.m. and a 
lower one (23 foot-candles) from 6 p.m. to 
8 a.m. Under these circumstances the maximum 
emergence occurred about noon rather than at 
the normal time of 6a.m.to9a.m. This displace- 
ment of the cycles about three hours to the right 
probably is to be explained by the 8 a.m. morning 
increase in illumination occurring about 3 hours 
later than the normal dawn. 


E. Induction of a nemergencer hythm with 12-hour 
cycles 
An attempt was made to change the frequency 
of the emergence rhythm from one with 24-hour 
cycles to one with 12-hour cycles. That this 
was successfully accomplished is evident from 
examination of figure 8. The cultures exhibiting 
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FIGURE 8 


Fic. 8. Emergence in cultures maintained in alter- 
nating six hour periods of light and darkness for the 
duration of the experiment. The light periods occurred 
between 6 a.m. and 12 noon and between 6 p.m. and 12 
midnight. 


this new rhythm were maintained in alternating 
six-hour periods of light and darkness. There 
were thus two complete light-dark cycles in each 
24-hour period. The light periods (35 foot- 
candles) occurred between 6 a.m. and 12 noon 
and between 6 p.m. and 12 midnight. The 
emergence peaks in these cultures occurred at 
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FIGURE 9 


Fic. 9. Emergence in cultures maintained in alter- 
nating six hour periods of light and darkness for 4 days 
and then placed in constant darkness. The first period 
of illumination was from 6 p.m. to midnight and the last 
from 6 a.m. to 12 noon in (A) and the reverse in (B). 
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about 9 a.m. and 9 p.m. The minimum emer- 
gence occurred at about 3 a.m. and 3 p.m. 

Figure 9 shows the results of two experiments 
designed to determine whether the 12-hour cycle 
of emergence exhibited in figure 8 would persist 
in constant darkness. Both cultures were exposed 
to eight complete light-dark cycles (4 days) and 
then placed in constant darkness. The cultures 
(Curve A) were exposed to their first light period 
from 6 p.m. to 12 midnight and consequently 
their last light period occurred between 6 a.m. 
and 12 noon. Curve B represents emergence in 
cultures that were exposed first to a light period 
from 6 a.m. to 12 noon and received their last 
illumination between 6 p.m. and midnight. In 
both instances the rhythms have lost the 12-hour 
cycles and now have only 24-hour cycles. The 
two rhythms are out of phase with one another 
by just 12 hours, each having its emergence peak 
directly related to the time of its last period of 
illumination. 
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FIGURE 10 


Fic. 10. Emergence in cultures kept in light from 
6 a.m. to 6 p.m. in (A) and 6 p.m. to 6 a.m. in (B) for the 
duration of the experiment. 


F. The emergence rhythm in cultures exposed to 
reversed illumination 


Cultures exposed to light of 35 foot-candles 
during the daytime (6 a.m. to 6 p.m.) and darkness 
during the remainder of the day, and cultures 
exposed to reversed illumination (35 foot-candles 
from 6 p.m. to 6 a.m.) with darkness during 
daytime hours (6 a.m. to 6 p.m.) were compared 
with respect to their emergence rhythms. The 
results are shown in figure 10. Here it is seen 
that the two rhythms are out of phase with one 
another by about 12 hours with each bearing 
the same relationship to its period of illumination. 
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Other cultures were exposed for varying 
numbers of cycles to reversed illumination and 
then restored to an illumination period that 
coincided approximately with the normal day- 
night cycle. One group (A) was subjected to 
two cycles of reversed illumination, another 
group (B) to four cycles, and another (C) to 
eight cycles, before each was restored to the 
cycles approximating day-night. The emergence 
rhythms resulting from these experiments are 
shown in figure 11. It is evident that all three 
groups have adopted a rhythm having its phases 
corresponding to the light-dark phases of the 
final conditions of illumination. In other words, 
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FIGURE I 


Fic. 11. Emergence in cultures which, from the time 
of oviposition, were exposed to light from 6.p.m to 6 a.m. 
for various intervals and then exposed to a reversed 12 
hour light period for the duration of experiment. The 
series (A) was exposed to two periods of light from 6 p.m. 
to 6 a.m., series (B) was exposed to four periods, and 
series (C} to 8 periods. The cultures were placed in 
constant light at 6 p.m. on the fourth day of emergence. 
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these organisms can have the phases of their 
emergence rhythm reset as late as the eighth day 
of development, or within two days of emergence. 

In each of the three experiments, the cultures 
of emerging flies were placed in a constant 
illumination of 35 foot-candles after four days. 
Under these latter conditions (fig. 11) the rhythm 
persisted during the two more days that observa- 
tions were made, but there appeared to be a 
gradual reduction in the amplitude of the rhythm. 
This is illustrated by a reduction in amplitude 
from a range of as much as 60 percent to less than 
15 percent over the two days in constant 
illumination. 
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G. Induction of a _ persistent daily emergence 

rhythm by a single period of illumination 

In this series of experiments eggs were deposited 
in darkness and the cultures were maintained in 
continuing darkness, except for an exposure to a 
single period of illumination of varying duration 
and intensity five days after commencement of 
oviposition. Exposure times were 1 minute, 15 
minutes, 30 minutes, 1 hour, and 2 hours. The 
illumination was 35 foot-candles. Other cultures 
were exposed to an illumination of 500 foot- 
candles for one minute or five minutes, all 
exposures, except the 2 hour one which was given 
at 6 p.m., were given at 12 noon or 12 midnight. 
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FIGURE l2 


Fic. 12. 


Emergence in cultures in which parent stock oviposited in complete darkness. 


Cultures were then exposed 


to varying periods of light and then replaced in constant darkness. 
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It is evident that all the experimental conditions 
just described resulted in the cultures exhibiting 
a definite daily emergence rhythm (Figure 12). 
Furthermore, in every instance there was a 
direct correlation between phases of the rhythm 
and the time of day the particular culture was 
illuminated. 

Another experiment was performed {to™ deter- 
mine how long a time elapsed between the time 
of the single period of illumination and the 
establishment of a clear daily emergence rhythm. 
Flies were permitted to oviposit for 24 hours in 
constant darkness and the resulting cultures were 
continued in darkness. Emergence was found 
to be arrhythmic over the first 24 hour period; 
the cultures were then subjected to a single three 
hour period of illumination at 35 foot-candles 
between the hours of 9 a.m. and 12 noon. Follow- 
ing the exposure to light the cultures were 
maintained in constant darkness. The results 
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FIGURE |3 


Fic. 13. Emergence in cultures maintained in con- 
stant darkness from the time of oviposition for the dura- 
tion of the experiment except for a 3 hour period of 
illumination between 9 a.m. and 12 noon after emergence 
had occurred over a 24 hour period. 


demonstrate the existence of a lag of 24 hours 
before a diurnal rhythm of emergence became 
evident (fig. 13). The rhythm thereafter gradu- 
ally increased in amplitude for the remaining 
three days of observation. These results are to 
be contrasted with those shown in figure 11, in 
which it is clearly demonstrated that the rhythm 
gradually diminishes in amplitude in constant 
illumination. Possible explanations of this differ- 
ence in the persistence of the diurnal emergence 
rhythm in constant light and constant darkness 
will be considered later. 


H. Inhibition of the persistent daily emergence 
rhythm by constant illumination 


The parent stock was permitted to oviposit 
for 24 hours under normal day-night conditions 
and the resulting cultures were kept under normal 
conditions for four additional days. Following 
this, portions of these cultures were subjected to 
five different sets of conditions. One set of 
cultures, series A, was placed in constant darkness 
for the remainder of the experiment. All the 
rest of the cultures were piaced in constant light 
for varying periods: series B was subjected 
to 24 hours of constant light and then placed in 
constant darkness; series C was kept in constant 
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light for two days and then constant darkness; 
series D was exposed to three days of constant 
illumination before being placed in constant 
darkness; and series E was maintained in constant 
light for the duration of the experiment. The 
results of the experiments are shown in figure 14. 
There was found to be a definite relationship 
between the period of time in light and the 
amplitude and regularity of the emergence 
rhythm. This is quite evident as one considers 
the series from A through E. The period of 
light exposure gradually increases through this 
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FIGURE 14 


Fic. 14. Emergence in cultures exposed to 5 days of 
normal day-night light conditions of the laboratory and 
then subjected to different lighting conditions. Series 
(A) was placed in constant darkness; series (B) was 
placed in constant light for 24 hours and then placed in 
constant darkness; series (C) was placed in constant 
light for 2 days and then placed in constant darkness; 
series (D) was submitted to3 days of constant light before 
being placed in constant darkness; and series (E) re- 
mained in constant light for the duration of the ex- 
periment. 
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series and the amplitude and regularity of 
emergence decreases. It appears from these 
results that light of sustained periods has an 
inhibiting effect upon the rhythm of emergence 
but that this inhibition disappears when the 
inhibiting factor is removed. 

Series D and E had been placed in constant 
light four days prior to emergence but series D 
was under conditions of constant darkness for the 
last 24 hours prior to emergence while series E 
had remained in constant light. Series E has no 
rhythm of emergence, D shows a definite one, 
though the rhythm is somewhat reduced in 
amplitude. This rhythm in series D gradually 
increased in amplitude during the six-day period 
the cultures were kept in constant darkness 
before emergence. 

DISCUSSION 

The results obtained by Scott (1936), Kalmus 
(1935), and Bunning (1935) have been confirmed 
in these experiments. The emergence peak in 
D. melanogaster occurs between 6 a.m. and 
9 a.m., which is during the first few hours of 
daylight. Maximum emergence therefore, occurs 
at a time roughly corresponding to the beginning 
of the normal illumination period. This fact is 
further verified by the time of maximum emer- 
gence in all experimental cultures that exhibited 
an emergence rhythm resulting from periods of 
artificial illumination. The period of illumination 
was varied from one minute to 12 hours, yet the 
emergence peak generally occurred within three 
hours of the time of the initiation of the artificial 
illumination period. These facts suggest that 
the dark to light change initiates the emergence 
process. One may suggest that the period of 
illumination serves only as a triggering or starting 
mechanism, which in turn sets off a physiological 
chain reaction that is responsible for the establish- 
ment of a persistent diurnal rhythm. Since one 
minute of illumination is as effective as several 
hours in the establishment of a persistent diurnal 
rhythm, it is difficult to imagine that the rhythm 
is the direct result of the illumination. The 
period of illumination serves not to establish a 
24-hour rhythm in the organisms, but rather to 
synchronize all the mechanisms in the population 
fragment under discussion. A persistent 24-hour 
rhythm must be present already in the organisms 
but the endogenous 24-hour mechanisms of the 

various individuals in a culture are associated 
with the emergence process in a random manner 
with respect to time of day. The dark-to-light 
change synchronizes the phases of the rhythmic 
emergence mechanism in all the organisms of the 
culture. 

One might postulate that a developing fly, 
upon reaching the general emergence period, may 
actually emerge at any time within a 16 to 24 
hour period as determined by an endogenous 
rhythmic mechanism. The time of day of 
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emergence as determined by the endogenous 
mechanisms is in turn determined earlier by 
times of environmental light change. If the 
endogenous stimulus is synchronized in all the 
members of a culture, all the pupae which are 
at the appropriately susceptible developmental 
stage will emerge within a relatively short 
period of a day. If, on the other hand, the 
stimulus is not synchronized in the members of 
the culture, the pupae will emerge randomly 
resulting in a uniform rate of emergence over 
the entire 24-hour period. 

The foregoing conclusions with respect to the 
manner of action of light are somewhat in contrast 
with those of Kalmus (1940) who believes that 
light produces an inhibiting effect, preventing 
the pupae from emerging for a period of about 
20 hours following a dark to light change. 
Kalmus’ view suggests that a mechanism has 
evolved in these flies which has, so to speak, 
defeated its own purpose. If light is inhibiting, 
it is difficult to understand what adaptive 
value there could be to having it inhibit for a 
period of time just long enough to permit emer- 
gence to occur during the time of daily onset of 
the inhibiting factor. This does not mean that 
light may not have a secondary role as an inhibit- 
ing factor, but rather that the results of these 
experiments indicate very strongly that its 
primary or initial role is one of induction of 
emergence rather than inhibition. 

The length of the life cycle of Drosophila is a 
function of temperature but there is no apparent 
effect upon the frequency of the rhythm of 
emergence in these experiments. In other words, 
at several temperatures the rhythm continued 
to have 24-hour cycles. The length of the life 
cycle therefore, while a general function of 
temperature, was not a continuous but rather a 
discontinuous function of the temperature. 
Higher or lower temperatures may decrease or 
increase the length of the life cycle predominantly 
by time units of 24 hours, as a result of the 
temperature-independent rhythm of emergence. 

The literature -contains several reports of 
persistent rhythms of emergence under conditions 
of constant darkness. Lewis and Bletchly (1943) 
working with the dung-fly reported that there 
was a tendency for the cultures in constant 
darkness to have less pronounced peaks of 
emergence than those cultures exposed to normal 
day-night conditions. They stated in their 
report that the cultures were not set up under 
experimental conditions immediately but rather 
from some early larval stage. Scott (1936) 
reported a persistent rhythm of emergence in the 
Mediterranean flour moth even after three 
generations reared in constant conditions. He 
failed to elucidate whether constant conditions 
included light as well as temperature, or just 
temperature. Scott also reported a rhythm of 
emergence in Drosophila maintained in tins which 
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were covered during the entire experiment. The 
fact that the emergence rhythm in the latter 
set of experiments was almost identical with those 
of cultures exposed to the normal light-darkness 
cycles of the laboratory leads one to speculate 
that the cultures were exposed to normal light 
cycles of the laboratory before they were covered 
or at some time during the experiments. 

Results from the present experiments failed 
to demonstrate any rhythm of emergence in any 
culture maintained in constant darkness from the 
time of oviposition. This fact, plus the fact 
that only a very short period of illumination is 
necessary to evoke a persistent rhythm, indicates 
that any report of a persistent rhythm under 
conditions of constant darkness should be regarded 
critically. 

Bunning’s report (1935) that loss of the 
emergence rhythm in Drosophila occurred only 
after 15 generations in constant illumination 
could not be substantiated in this set of experi- 
ments. No rhythm of emergence was found in 
the first generation raised in constant light 
(Figure 4). 

If one assumes, as was postulated earlier, that 
a dark-to-light change serves to set the endo- 
genous rhythmic mechanisms resulting in emer- 
gence of individuals at a time of day determined 
by the time of dark-to-light change, the lack of 
an emergence rhythm under conditions of constant 
light may be easily explained. The results 
indicate that while light in the form of a dark-to- 
light change may result in an induction of 
emergence, continuous periods of illumination 
have an inhibiting effect (fig. 14). The inhibiting 
effect of light appears to be cumulative and the 
length of a continuing light period appears to 
be directly correlated with the length of a sub- 
sequent period of darkness necessary for the 
disappearance of this inhibiting effect. It was 
evident from the results obtained that even 
though a rhythm of emergence was established 
in the larval stages, only four days in constant 
illumination were enough to inhibit this rhythm 
(fig. 14). If sustained periods of light can inhibit 
a rhythm of emergence once it is established, it 
is not surprising that there was no rhythm of 
emergence in cultures maintained in constant 
illumination from the time of oviposition (fig. 4). 

It was one of the original intentions of these 
experiments to determine which stages in the 
life cycle of Drosophila are susceptible to stimula- 
tion resulting in the establishment of a diurnal 
rhythm of emergence. It is evident from the 
results obtained (fig. 5) that any larval or pupal 
stage is susceptible. This fact, combined with 
others obtained (fig. 12), allows one to conclude 
that a light stimulus of one minute duration will 
trigger the mechanism for diurnal emergence 
rhythm at any stage, with the exception of the 
prelarval stages. 
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Figure 15 is a diagrammatic illustration of the 
mechanism postulated to account for the results 
observed during these experiments. Wheel A 
may be regarded as the control center for the 
mechanism of diurnal rhythmicity and it is 
reasonable to assume that this center is located 
in the central nervous system. Continuing with 
the wheel analogy, the center may be considered 
to rotate, completing one complete cycle in each 
24-hour period. It is postulated that it com- 
mences rotating automatically as soon as the 
necessary nervous elements have developed and 
continues to rotate throughout the life time of 
the organism, resulting in a diurnal rhythm of 
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FIGURE 15 


Fic. 15. A diagrammatic representation of the mech- 
anism postulated to explain the phenomenon of diurnal 
rhythmicity in Drosophila melanogaster. Wheel A makes 
one complete revolution each 24 hours. Wheel B makes 
one complete cycle each time wheel A is associated with 
it. Wheel C is brought into contact with wheel B enly at 
a certain stage of development. Wheel C takes 24 hours 
to make one revolution after contact with wheel B 
resulting in a 24 hour delay between the time of the 
stimulus and the resulting emergence. 
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emergence which is entirely dependent upon 
endogenous conditions. On this hypothesis, an 
appropriate light stimulus would be presumed to 
set the clock for emergence at a certain time of 
day, the result being the endogenous emergence 
stimulus occurring day after day at the same 
time. Or one may hypothesize that although 
wheel A functions as a clock with 24-hour cycles, 
a specific stimulus is necessary to bring wheel A 
in contact with transmitter B. In this case, 
there is a 24-hour mechanism functioning but 
it is not effective without a stimulus to establish 
the proper association with the emergence 
mechanism. In either case, a stimulus results 
in emergence occurring at about the time of day 
as the stimulus. 

Transmitter B may be hormonal or nervous; 
the method of transmission is not essential in the 
formation of the hypothesis. Wheel B would 
turn only when wheel A was associated with it. 
Wheel B would contact wheel C 24 hours after 
wheel A has set it in motion and at 24-hour 
intervals thereafter. There appears to be a 
24-hour delay between the time of the light 
stimulus and the resultant effect on emergence. 
This is quite apparent in figure 13. This delay 
might be regarded as the time necessary for the 
production of a suitable quantity of the trans- 
mitting agent; or the time necessary for the 
substrate upon which it acts to become affected. 

The fact that an emergence rhythm may be 
established in first stage larvae indicates that the 
mechanism, once set in motion, continues with 
little if any change until the time of emergence. 
The results from the experiments expressed 
graphically in figures 11 and 13 demonstrate that 
the time of emergence is determined 24 hours 
in advance and can not be reset within this 
period of time. It is also obvious from these 
same results that the mechanism governing 
emergence may be reset by suitable stimuli at 
any time up to a period 24 hours prior to emer- 
gence. The controlling mechanism is, therefore, 
not a fixed process once set in motion, but 
rather a sensitive physiological mechanism subject 
to change by appropriate ecological stimuli such 
as light. 

The fact that there is no apparent rhythm 
of emergence in constant illumination may be 
explained on the basis of the proposed mechanism. 
Under conditions of constant illumination, the 
control center A is in some manner prevented 
from determining a rhythm of emergence. If 
this inhibiting effect is removed, the control 
center A gradually assumes control again and the 
previous setting continues to be effective in 
determining the time of emergence. 

In the case of two cycles of emergence in a 
24-hour period (figure 8), this would be due to 
the fact that the control center A had altered its 
relationship to wheel B twice during each 24-hour 
period rather than the usual single time each day 


Annals Entomological Society of America 


[Vol. 48 


as found in the normal day-night illumination. 
The pupae would emerge at a time related to one 
of the two periods of illumination depending upon 
which period found the pupa in a stage susceptible 
to response to the emergence stimulus. 

The results expressed in figure 9 show that only 
the effects of the last period of illumination 
persist under conditions of constant darkness. 
In other words, as long as the periods of illumina- 
tion are present they will all effect the emergence 
mechanism, but as soon as all stimulation 
(illumination period or periods) ceases the 
mechanism maintains a persistent rhythm the 
phases of which are determined by the last 
stimulus. This may be compared to the operation 
of an alarm clock. The dark to light change is 
the same as setting the alarm which, as long as 
the clock is running, will continue to ring at the 
same time each day. If after the alarm rings, 
it is then reset it will ring at a different time. As 
long as one keeps setting the alarm (dark to light 
changes) the alarm may go off as many times as 
desired in a 24-hour period. In the present 
experiments, this was demonstrated in figure 8 
where the alarm was set twice during each 24-hour 
period. There would, of course, be a limit to 
the number of times the mechanism for emergence 
could be reset in a 24-hour period. This number 
would depend upon the length of the dark period 
necessary for a number of pupae to attain the 
condition suitable for emergence; if the periods 
of dark-to-light changes were too close together 
there would be no opportunity for a build up of 
‘sensitive pupae’. As in the case of an alarm 
clock, when the alarm is no longer being reset 
(placed in constant darkness) the alarm will 
continue to ring at the time of the last setting 
(fig. 9). 


SUMMARY 


1. It has been shown that Drosophila melano- 
gaster, maintained under normal day-night condi- 
tions, has a definite rhythm of pupal emergence 
with the peak occurring about 6 a.m. to 9 a.m. 

2. This rhythm will persist under conditions 
of constant darkness and temperature provided 
that the animals have previously been subjected 
to day-night illumination changes at some 
developmental stage other than prelarval. 

3. There is no rhythm of emergence in 
constant darkness in cultures in which the eggs 
were laid in darkness or in which only prelarval 
stages were subjected to day-night illumination 
changes. 

4. Subjection of cultures of any larval stages 
to single periods of illumination varying from one 
minute to 12 hours is adequate to establish a daily 
rhythm of emergence which persists thereafter 
in darkness with its phases determined by the 
time of beginning of the illumination period. 

5. A 24-hour delay is evidenced between the 
time of stimulus and its effect on emergence. The 
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mechanism governing emergence may be reset 
by a suitable stimulus at any time up to a period 
24 hours prior to emergence. 

6. It is possible to induce two cycles of 

emergence in one 24-hour period by subjecting 
the organisms to two light-dark cycles in one 
24-hour period rather than to the normal single 
light-dark cycle. 
7. When cultures exhibiting two daily cycles 
of emergence, as a result of alternating six hour 
periods of light and darkness, are placed in 
constant darkness a persistent daily cycle is seen 
with its phases determined by the last period of 
illumination. 

8. Cultures maintained in constant light from 
the time of oviposition exhibit no daily rhythm 
of emergence. 

9. Cultures subjected to the normal daily 
rhythm of illumination and then placed in 
constant light for various periods ranging from 
one day to three days show in constant darkness 
that the continuous illumination has effected a 
transitory depression of the daily rhythm, the 
degree of depression being a direct function of 
the length of the period of illumination. 

10. An hypothesis as to the mechanism of the 
emergence rhythm is suggested. 
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MORPHOLOGY OF THE FEMALE ORGANS OF REPRODUCTION IN THE 
MIRIDAE (Hemiptera)! 


NORMAN T. DAVIS 


Department of Zoology and Entomology, University of Connecticut, Storrs 


This investigation was undertaken in order to 
provide a more complete understanding of the 
structure and function of the parts of the female 
reproductive system in Miridae. Special em- 
phasis has been given to the structure of the 
genital chamber and to the possible homologies 
of its parts. Since certain structures of the 
genital chamber are now becoming important as 
taxonomic characters, there exists a definite need 
for a morphological study so that these structures 
may be adequately understood. When possible, 
it is highly desirable that names of structures 
used in taxonomy be standardized by determin- 
ing the existing homologies in various groups of 
insects. This must be done to avoid adding to 
the abundant synonymy and excessive number of 
morphological names. Of course, in many in- 
stances structures apparently become differenti- 
ated out of relatively unspecialized areas and, 
therefore, no particular homologies exist. To 


such structures descriptive names can be applied. 
However, basing such descriptive names on the 


location relative to structures which can be 
homologized should avoid needless complexity in 
morphological names. 

The study of the female reproductive system 
of Miridae is also of great interest from a purely 
morphological point of view. In Miridae, as 
well as in Reduviidae, Nabidae, and Anthocoridae, 
the arrangement of the genital organs and genital 
ducts appears to be distinctly different from 
the arrangement in other Hemiptera as well 
as from insects in general. In so far as is known, 
the definitive spermatheca of insects arises 
posterior to the opening of the median oviduct. 
In Miridae the sperm receiving organ lies anterior 
to the median oviduct opening, but it is not known 
whether this organ is homologous to the sperma- 
theca of other insects or if it is an organ peculiar 
to this group. 

Final determination of the homologies of cer- 
tain structures of the female genitalia of mirids 
must await more extensive studies of the genitalia 
of other Hemiptera. However, it is felt that 
the present investigation will at least provide a 
useful link in the eventual establishment of a 
complete knowledge of the female genitalia of 
the various groups of Hemiptera. 


1A thesis submitted to the Graduate Faculty of Iowa 
State College in partial fulfillment of the degree of Master 
of Science. 


Four species, Lygus lineolaris (Palisot de 
Beauvois) *, Miris dolabratus (Linnaeus), Lopidea 
staphyleae Knight, and Plagiognathus albatus 
(Van Duzee), were studied in detail during the 
course of this investigation. These species were 
selected because it was felt that each was repre- 
sentative of one of the several types of modifica- 
tions of the female genitalia found in Miridae 
and these species were readily available to the 
author during certain parts of the spring and 
summer. 


REVIEW OF LITERATURE 


Although thorough studies have been made of 
the genitalia of some Hemiptera, there was al- 
most no knowledge of the anatomy of the female 
genitalia of Miridae until extensive investigations 
were made by Kullenberg (1946, 1947). His 
first paper was concerned primarily with the 
biology of Swedish species, but in connection 
with his biological studies he investigated the 
mating positions and egg laying habits of various 
species and described the general anatomy of the 
external genitalia of the mirid female. In his 
second paper Kullenberg published the results of 
an extensive investigation of the anatomy and 
function of the various parts of the male and 
female reproductive systems of Miridae. This 
study included a general description of the 
anatomy of the genitalia and of the copulation 
process of twenty four species. In another phase 
of this study Kullenberg has described the tissues 
of the reproductive organs. 

Kullenberg made his studies largely from a 
standpoint of functional anatomy rather than of 
comparative morphology. Consequently the 
names which he has applied to many of the 
structures of the genital chamber are primarily 
descriptive and without basic morphological sig- 
nificance. However, it should be noted that the 
extensive scope of Kullenberg’s studies and his 
emphasis on functional anatomy provide a most 
valuable guide in establishing homologies. 

The next important study concerned with the 
female genitalia of Miridae was by Slater (1950). 
His investigation of the structure of the female 
genitalia for taxonomic characters successfully 
demonstrated that certain sclerotized parts in the 


*Lygus lineolaris (P.B.) has recently been shown by 
Slater and Davis (1952) to be the valid name of the 
Nearctic Lygus known in the economic literature as the 
Tarnished Plant Bug. 
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genital chamber were of value as a basis for de- 
termining phylogenetic relationships between the 
rarious genera and subfamilies of Miridae. 

Where applicable, Slater used the terminology 
established by Kullenberg. However, in many 
instances he employed structures whose functional 
and morphological significances were unknown and 
which, therefore, he believed could not then be 
adequately named. Slater felt that any names 
which were purely descriptive might later have 
to be discarded for more suitable names when 
more was known of the function and phylogenetic 
relationships of these parts. Therefore, in antici- 
pation of terminology arrived at by more detailed 
morphological studies, he referred to these 
structures only by alphabetical letters. 

In 1952, Slater and Davis used structures of 
the female genitalia to show specific differences 
between Lygus pratensis (L.), Lygus rutilans 
Horvath, and Lygus lineolaris (P.B.). 


Several works which included a study of the 
female reproductive system of various Hemiptera 
other than mirids have aided in understanding the 
function and morphology of the organs studied in 
this investigation. The genital apparatus and 
method of copulation of Pyrrhocoris apterus (L.) 
and Lygaeus equestris (L.) were studied by 
Ludwig (1926). Ekblom (1926) published an in- 
vestigation which included studies of the anatomy 
of the female genitalia of species belonging to 
several families of Hemiptera. Galliard (1935) 
investigated the anatomy of the female reproduc- 
tive system of reduviids, and this was followed 
by an extensive study of the reproductive system 
and the copulation of many aquatic Hemiptera 
by Larsen (1938). In 1953, a very detailed study 
of the functional anatomy of the reproductive 
organs of the milkweed bug, Oncopeltus fasciatus 
(Dallas) was published by Bonhag and Wick. 
Carayon (1946, 1952, 1953) has in recent years 
published a number of papers on the reproductive 
organs of Hemiptera, especially of cimicids, an- 
thocorids, and nabids. His work has con- 
tributed considerably to the knowledge of these 
insects. 

The problems of the evolution and the estab- 
lishment of the homologies of the parts of the 
female genitalia of insects have interested various 
insect morphologists for many years. Heymons 
(1899) made substantial contributions to an 
understanding of the hemipteran abdomen by his 
embryological studies. Newell (1918) and Cramp- 
ton (1929) published studies of the comparative 
morphology of the genitalia of various groups 
of insects including Hemiptera. The second 
of three publications by Snodgrass (1933) 
on the morphology of the abdomen of insects 
was concerned with the genital ducts and ovi- 
positor. More recently Michener (1944) made a 
comparative study of the genitalia of insects 
which included some consideration of Hemiptera. 


Organs of Reproduction in the Miridae 


DESCRIPTION AND DISCUSSION 
The Abdomen of the Female 


The abdomen of the mirid female is generally 
rather boatlike in shape and relatively broader 
and more pointed than the abdomen of the male 
(Figs. 1, 2). The lateral portions of the tergal 
plates are apparently inflexed on each side along 
ridgelike margins, the connexiva, so that parts 
of the terga lie on the ventro-lateral surfaces of 
the abdomen below the connexiva (Fig. 2, Cux). 
Reasons for this view are presented below. The 
terga of the pregenital segments, or segments 
one through seven, are not clearly demarked from 
the sternal or pleural regions by a suture or mem- 
branous area. Since a portion of each abdominal 
tergum is so closely associated with the sterno- 
pleural region, reference to the definitive dorsum 
and venter of the mirid abdomen is somewhat 
confusing. Therefore, in order to avoid this 
confusion the surface regions of the mirid ab- 
domen are referred to in this study as the dorsal 
plate and the ventral plate, which include the 
dorsal and ventral surfaces, respectively, and 
which meet dorso-laterally at the connexiva. 

The second through eighth abdominal segments 
contain spiracles. The spiracles are in the 
ventral plate near its dorsal margins (Fig. 2, sp). 
Snodgrass (1931) has generalized that though 
spiracles are subject to migration, they lie 
above the region of the limb bases in the typical 
segment in most insects. He further points out 
that tergal sclerotization commonly invades the 
spiracular areas and that the spiracles are, there- 
fore, commonly found in the tergal or paratergal 
plates. He believes that in cases where the 
spiracles appear in the sternal sclerite this is 
probably because paratergal sclerites containing 
the spiracles have fused with the sternal sclerites. 
Kullenberg (1947) suggested that this condition 
occurs in the mirid abdomen and that the latero- 
ventral margins of the tergum can be represented 
by hypothetical lines running just ventral of the 
abdominal spiracles. Therefore, sclerites of the 
ventral plate in the pregenital region consist of 
paratergites laterally and pleuro-sterna medially. 

The genital segments, or segments eight and 
nine, give a further indication of the position 
of the paratergites. In this part of the abdomen 
the ventral plate is divided by the elongated 
second valvifers (Fig. 1, 2V/f). Michener (1944) 
has pointed out that the valifers are now generally 
regarded as the remains of primitive limb bases 
of abdominal appendages. Therefore, the por- 
tions of the genital segments which are dorso- 
laterad of the valvifers may be considered to be 
parts of the terga. These plates extending from 
the connexiva to the valifers are, therefore, 
referred to as paratergites (Figs. 1, 2, pg). 

Eleven segments, the number considered basic 
to the insect abdomen, may be identified in the 
abdomen of the female mirid although some of 
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these are considerably modified. The portion of 
the first segment included in the ventral plate is 
reduced to an elastic arrays which joins the 
abdomen to the thorax (Fig. 2, mb). The ventral 
region of the second segment is also membranous 
except for sclerotized bands which may run 
along its anterior and posterior margins. In the 
remainder of the pregenital region, the broadly 
arched sclerites of the ventral plate are more or 
less uniform. 

The seventh segment has a pointed, flap- 
like piece extending posteriorly from the caudal 
margin in the mid-ventral region. This flap 
covers the vulva and base of the ovipositor and 
has, therefore, been named the subgenital plate 
(Fig. 1, SgP). 

In Miridae, as in other pterygota, the eighth 
and ninth segments are the genital segments of 
the female. The sternal regions of these segments 
are apparently inflexed and form the walls of the 
chamber and vestibulum (Fig. 7, GC). 

The remaining external sclerites of the eighth 
and ninth segments in the ventral plate region 
overlap ventrally the sclerites of the ovipositor 
sheath. The ovipositor sheath is composed of 
the greatly elongated second valviters and the 
small, lobe-like third valvulae (Fig. 2, 2V/f, 3V1). 
The ovipositor sheath is sometimes incorrectly 
referred to as the vagina exterior in taxonomic 
literature. 

The tenth segment is annuliform and is sclero- 
tized in all but the mid-ventral region which 
lies immediately dorsad of the lobes of the third 
valvulae (Fig. 7, X). The dorso-lateral margins 
are not differentiated into connexiva. 

Except during defecation, the eleventh segment 
is drawn into the annulus formed by the tenth 
segment. The tergum and sternum of the 
eleventh segment are small arcuate sclerites. 
They are flexibly joined to each other at their 
narrow lateral margins. The caudal edges of 
these sclerites when at rest are in apposition so 
that a valve over the anal opening is formed 
(Fig. 7, XI). The eleventh segment bears no 
appendages. 

A series of broad median abdominal tergites 
constitute what is known as the dorsal plate of 
the abdomen. In this region the first and 
second segments are not reduced as they are in 
the ventral plate. Therefore, eleven tergal 
sclerites may be identified, but it must be re- 
membered that the eleventh tergum is covered by 
the tenth. Two membranous bands extending 
from the anterior margin of the abdomen continue 
through the eighth segment and join the tergal 
sclerites to the connexiva. These membranous 
bands allow the abdomen to increase considerably 
in diameter as it does in the case of the abdomen 
of the gravid female or the abdomen of species 
which accumulate a large store of body fat prior 
to hibernation. 
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As noted above, the membranous strips ex- 
tending posteriorly between the dorsal plate and 
the connexiva do not extend into the ninth tergum. 
It may also be noted that the ninth segment is 
differentiated into only very slight connexiva, and 
that part of it which lies in the ventral plate is 
rather rigidly attached to the second valvifers on 
each side. As a result of this structural ar- 
rangement, the ninth tergum is able to serve as a 
rather firm attachment for several powerful 
muscles concerned with the movement of the 
valves of the ovipositor. This unit consisting of 
the ninth segment plus the valvifers and valvulae 
and their processes is referred to as the genital 
frame in this study. 


The Valvulae and Valvifers 


The mirid ovipositor consists of a median and 
two lateral blades (Fig. 6, Ovp). The median 
blade of the ovipositor is formed by the second 
valvulae (Fig. 4), which are fused together along 
their dorsal margin, except for a short divided 
portion at their distal ends whereby they still 
retain some of their identity as separate pieces 
(Fig. 12B, 2V1). Proximally, the median blade 
is somewhat expanded into a bulbous base. From 
the two ventral edges of this base sclerotized 
arms, known as rami, extend in an are which 
passes dorsally and then posteriorly where the 
rami are fused to the anterior dorsal margins of 
the second valvifers (Fig. 138C, 2Ra, 2Vif). As 
pointed out above, the second valvifers are 
elongated plates which lie on each side of the 
ovipositor and ensheath it when it is not extended. 

At the distal region of the ovipostor the lateral 
surfaces of the second valvulae are covered by 
the broad, saber-like portion of the first valvulae 
(Fig. 6, 1V1). Basally the first valvulae become 
more narrow and gradually become confined to 
the ventral edges of the second valvulae. Near 
the base of the ovipositor the first valvulae 
branch into large anterior and small median rami. 
The median rami are weakly developed and may 
even be imperceptible. They extend anteriorly 
and slightly mesad of the reduced sclerites of the 
first valvifers. The anterior rami are curved 
dorsally in an arc which is contiguous with the 


EXPLANATION OF PLATE I 

Fic. 1. Ventral aspect of the abdomen of the female 
of Lygus lineolaris. X 28. 

Fic. 2. Lateral aspect of the abdomen of the female 
of Lopidea staphyleae. X 38. 

Fic. 3. Lateral aspect of the first valvula from the 
left side of the ovipositor of Lygus lineolaris. X 45. 

Fic. 4. Lateral aspect of the left second valvula of 
the ovipositor of Lygus lineolaris. X 45. 

Cnx, connexiva; mb; membranous area of the venter of 
the first and second segments; Ovp, ovipositor; pig, para- 
tergites of the eighth and ninth segments; rg, ridge on 
which the first valvulae slide along the second valvulae; 
SgP, subgenital plate; sp, spiracles; 3V/, third valvulae; 
2VIf, second valvifer; I-X, abaominal segments. 
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arch of the rami of the second valvulae (Figs. 6, 
13B, J Ra). From here these rami exterd dorso- 
caudally in a straight line to the apodemes formed 
by the inflected anterior margins of the ninth 
paratergites (Fig. 5, RP). These apodemes are 
referred to in this study as the ramal plates 
since the fan-like proximal ends of the rami are 
fused to them. 

Kullenberg (1947) referred to the anterior rami 
as each consisting of two pieces. The first piece 
was designated as a short extension from each 
first valvula called the fibula and this was said to 
be joined to the long rod-like piece extending to 
the ninth tergum. He called the second part the 
connecting piece (Verbindungsstiick). Anatom- 
ically, there seems to be no basis for considering 
each of these rami as two pieces since there are 
no joints or sutures in them which would indicate 
a division. Furthermore, consideration of each 
of the anterior rami of the first valvulae as two 
pieces does not seem to be justified from the 
standpoint of comparative anatomy. Judging 
from the generalizations made by Snodgrass 
(1933) regarding the genital segments and ovi- 
positor of Hemiptera, it can be assumed that the 
anterior rami of hemipterons are simple elonga- 
tions of processes from the bases of the first 
valvulae. 

When viewed from the dorsal aspect, a ridge is 
seen to extend along the surface of each ramus of 
the second valvulae (Fig. 15, rg). These ribs 
continue from the rami onto the ventral edges of 
the anterior portion of the second valvulae. 
From here the ribs extend distad and gradually 
pass on to the lateral surfaces of the second 
valvulae, terminating near their apices (Fig. 4, 
rg). These ribs fit into grooves which lie along 
the inner surface of the first valvulae (Figs. 
12A-B, rg). By means of this structural ar- 
rangement, the first valvulae are closely held 
alongside of the second valvulae but are free to 
slide back and forth, making it possible for the 
cutting action of the blades to be coordinated in 
one common path and preventing the first valvu- 
lae from buckling when pressure is exerted on 
them. 

The extent to which the cutting teeth are 
developed on the ovipositor blades varies and 
probably reflects the oviposition habits of the 
various species. Judging from those species 
studied, the dorsal and ventral margins of the 
first valvulae are lined with rows of teeth which 
extend somewhat out on the lateral surfaces of 
these blades (Fig. 3). The teeth lying between 
the apex and the broadest part of each of the 
first valvulae are relatively strong and scale- 
like. Anterior to this region the teeth abruptly 
become much finer and as they extend toward 
the bases of the second valvulae they gradually 
become almost invisible. The only teeth found 
on the second valvulae are those on their ventral 
margins near the apices (Fig. 4). These teeth 
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are very fine and, unlike those of the first valvulae, 
they are directed posteriorly. 

Soft infolded strips from the ventral margins 
of each of the first valvulae extend posteriorly 
from the ventral margins of the first valvifers 
through the egg-channel of the ovipositor (Fig. 
12A, mdf). 

The sclerotized inner surfaces of the first and 
second valvulae which form the egg-channel are 
compactly lined with microscopically fine wrinkles 
whose crests are directed posteriorly. 

The dorsal portions of each of the second valvi- 
fers are inflexed mesally so that a broad ledge is 
formed on each. These edges serve for the at- 
tachment of the muscles of the ovipositor (Fig. 
5, VIA). In this study these ledges have been 
named the valviferal apodemes. The ventral 
ends of the ramal plates are articulated to the 
mesal portion of the valviferal apodemes. The 
apodeme of each valvifer is reinforced at this 
point of articulation by a short ridge extending 
across the inner surface of the angle of inflection 
of each of the second valvifers (Fig. 7, 71). An- 
other strengthening ridge just anterior to the 
articulation of the ramal plate and valviferal 
apodeme extends over the outer surface of the 
angle of inflection of each valvifer (Fig. 14, r2). 

Anteriorly, the valviferal apodeme narrows 
considerably and merges with the portions of 
the second valvifers which are fused to the rami 
of the second valvulae. A third ridge extends 
from the ventral surface of each valviferal 
apodeme in the anterior region where the apodeme 
begins to narrow. This ridge extends ventrally 
and somewhat anteriorly to the anterior ventral 
margin of each of the second valvifers (Fig. 7, 
r3). Although these ridges do strengthen the 
anterior region of the valviferal apodemes they 
probably serve a more important function by 
acting as braces for the extended ovipositor. The 
ventral margins of the second valvifers are 
drawn into apposition when the ovipositor is 
extended so that the anterior ventral margins of 
the valvifers close about the base of the ovipositor. 
In this position the ridges mentioned above run 
almost perpendicular to the ovipositor base. 








EXPLANATION OF PLATE II 


Fic. 5. Dorsal view of the ventral abdominal wall 
and genital apparatus of Lygus lineolaris. X 28 

Fic. 6. Lateral aspect of the genital apparatus of 
Lygus lineolaris with the segments of the abdomen in- 
dicated by broken lines. X 28. 

mt, cuticular muscle tendons; OdC, the modified com- 
mon oviduct; OdL, the cuticular lining of the bases of the 
lateral oviducts; Ovp, the extended ovipositor; Ra, 
ramus of the first valvula; RG/, area in which the ring 
gland occurs; RP, ramal plate of the ninth paratergite; 
SmDp, seminal depository; so, a sensory organ; SptD, 
cuticular portion of the spermathecal duct; SR, sclero- 
tized ring; 1 V/, first valvula; 2V/, second valvula; 3VI/, 
third valvula; V/A, valviferal apodeme of the second 
valvifer; 2V/f, second valifer. 
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Therefore, when the ovipositor is cutting into the 
plant tissue, these ridges brace against the press- 
ure which tends to fold the ovipositor back into 
the ovipositor sheath. 

Immediately anterior to the articulation of the 
ramal plate and the valviferal apodeme on each 
side, there is a very small button-like patch which 
bears about twenty compactly arranged sensory 
bristles. These patches are set in the thin inter- 
segmental membrane extending between the 
eighth and ninth paratergites and are very close 
to the ventral margin where this membrane is 
attached to the second valvifer (Fig. 6, SO). 
It should be noted that although these patches 
are on the external body surface, they are covered 
by the overlapping posterior edge of the eighth 
segment. The bristles on these patches fit into 
sockets and, possibly they have a sensory func- 
tion. However, the exact nature of such a 
sensory function is not at all evident. These 
patches may not be related to the reproductive 
processes, but since they occur on the genital 
segments they have been so considered here. 

Similar integumental organs on the abdomen 
of various nabids have been described by Carayon 
(1950). 

The third valvulae are fused to the ventro- 
posterior margins of the second valvifers and 
form the lobe-like apical pieces of the ovipositor 
sheath (Figs. 2, 7, 3V/). The dorsal portion of 
each of the third valvulae extends anteriorly as a 
narrowing, pointed strip (Fig. 7), which lies 
ventrad to the sternal region of the tenth and 
eleventh segments. This portion of each of the 
third valvulae serves as an attachment for 
muscles which extend to the anterior margin of 
the tenth tergum (Fig. 7). 

The body wall between the second valvifers is 
completed by a soft, semitransparent membrane 
which enfolds the ovipositor in repose (Fig. 12A, 
IvM). In the present study this has been called 
the inter-valviferal membrane. This membrane 
apparently represents the sternal region of the 
ninth and tenth segments. The anterior exten- 
sions of the dorsal portions of the third valvulae 
support the inter-valviferal membrane in this 
region in an arch over the distal portion of the 
ovipositor (Fig. 12B,38V/, IvM). Anteriorly, this 
membrane is joined to the dorsal anterior margin 
of the fused second valvulae. The mid-dorsal 
region of the anterior margin of the base of the 
second valvulae is also joined to the membranous 
middle portion of the ventral margin of the 
posterior wall of the genital chamber. 

Laterally, the membranous ventral portions of 
the posterior wall of the genital chamber are not 
attached to the base of the second valvulae but 
extend into its lumen and form the dorso-lateral 
lining of the egg-channel. On each side between 
the dorso-lateral lining of the egg-channel and the 
sclerotized wall of the second valvulae there is 
thus an extension of the body cavity into the 
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ovipositor (Fig. 11, bc). Each of these extensions 
of the body cavity becomes a narrow tubular 
passage into the base of the second valvulae 
(Figs. 12A-B, bc). Distally, these passages are 
very slightly dilated and terminate within the 
apices of the second valvulae. For most of their 
length these tubular passages lie between two 
sclerotized ridges which extend along the inner 
surfaces of the second valvulae (Fig. 12A). Pre- 
sumably these ridges prevent the collapsing of 
the tubular extensions of the body cavity as the 
egg passes between the valvulae to the outside. 
Many fine ducts from these extensions of the 
body cavity pass through the walls of the second 
valvulae to the outer surfaces (Fig. 12A, dt). 
These ducts open only on the surfaces of the 
second valvulae which are not covered by the 
first valvulae. Therefore, basally the ducts ex- 
tend to the dorsal and lateral surfaces, while 
distally they extend only to the dorsal and apical 
surfaces. 

Study of the histological components of the 
lining of these extensions of the body cavity was 
hindered because the sclerotized parts of the 
ovipositor made it difficult to obtain a satis- 
factory series of microtome sections. The occa- 
sional satisfactory microtome sections and mi- 
croscopic dissection of the second valvulae in- 
dicate that the tubular extensions of the body 
cavity are lined with squamous epidermis, and 
that a nerve and a trachea extend through the 
body cavity on each side (Figs. 12A-B, nz, tr). 
It seems very probable that each nerve gives rise 
to nerve fibers which pass into the ducts extend- 
ing to the surface of the second valvulae. These 
ducts at the surface open into a small cup-like 
depression each of which appears to contain a 
small papilla. These papillae are presumably 
sensilla. 


The Genital Chamber 


The vulva, or secondary gonopore, is covered by 
the subgenital plate of the seventh sternum. 
The anterior margin of the vulva is formed by 
the inter-segmental membrane from the caudal 
margin of the sternal region of the seventh seg- 


EXPLANATION OF PLATE III 


Fic. 7. Optical sagittal section of the posterior 
portion of the abdomen of Miris dolabratus. X 40. 

Fic. 8. Dorsal aspect of the genital apparatus of 
Miris dolabratus with the abdominal segments indicated 
by broken lines. X 51. 

DlbP, dorsal labiate plate; GC, genital chamber; 
M1, 2, 3, 4, 5, 8, genital muscles; m?, cuticular muscle 
tendon; OdC, the modified common oviduct; OdL, lateral 
oviduct; Ovp, ovipositor; r1, 3, strengthening ridges of 
the second valvifer; 1Ra, ramus of the first valvula; RP, 
ramal plate of the ninth paratergite; Rt, rectum; SgP, 
subgenital plate; SmDp, seminal depository; SpiG, 
spermathecal gland; VLbp ventral labiate plate; /VI/, 
first valvula; 2V/, second valvula; 3V/, third valvula; 
2VIf, second valvifer. 
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ment. This membrane forms a part of what has 
been designated as the anterior wall of the genital 
chamber. The posterior margin of the vulva 
is formed by the base of the ovipositor, especially 
the ventral surfaces of the first valvulae (Fig. 
19A, Vu). Kullenberg (1944) designated the 
secondary gonopore as the “‘Vulvamiindung’”’ and 
the passage extending dorsally from it as the 
“oulva’’. This usage is not entirely satisfactory 
since “‘vulva’’ when applied to insects generally 
refers to an opening. The passage which he 
calls the vulva may more properly be called the 
vestibulum (Fig. 19A, Vst). Snodgrass (1933) 
defines the vestibulum as a chamber formed by 
the extension of the seventh sternum beyond the 
eighth; this is essentially what is found in Miridae. 
Therefore, in this study the external opening of the 
genital chamber is termed the vulva, while the 
short passage extending dorsally into the genital 
chamber from the vulva is termed the vestibulum. 
It should be emphasized that the vestibulum is 
not chamber-like in Miridae, as it often is in other 
insects. It is a narrow passage although it may 
be stretched considerably during the time that 
the intromittent organ of the male is inserted 
into it. 

In his study of the female reproductive system 
in Miridae Kullenberg (1947) designated three 
anatomical regions of the genital chamber. These 
are the forward wall (vorger Wand), the posterior 
wall (hinter Wand), and the roof (Dach). In 
some respects these designations are inappro- 
priate, nevertheless, they are at least convenient 
terms to use as a basis for introduction of de- 
scription and discussion of specific portions of 
the genital chamber. 

The anterior wall, as designated by Kullenberg, 
lies between the anterior rami and extends dorsally 
from the caudal margin of the sternal region of 
the seventh segment (Figs. 13B, 16B, AWVst). 
The dorsal portion of the anterior wall is directed 
cephalad as a broad plate-like area (Figs. 7, 
16B, VLbP). Thus designated, the ventral por- 
tion of the anterior wall is seen to be the anterior 
wall of the vestibulum, not the genital chamber. 
The dorsal plate-like portion of the anterior wall is 
usually somewhat sclerotized and has been desig- 
nated in this study as the ventral labiate plate. 
It lies in a horizontal plane and extends anteriorly 
and laterad beyond the anterior rami. Its 
anterior margin forms the ventral lip of a mem- 
branous sac referred to here as the seminal 
depository (Figs. 7, 8, SmDp). 

Folds which vary in different species may ex- 
tend into the genital chamber from the anterior 
wall. The posterior margin of the ventral labiate 
plate forms one such fold (Fig. 19A, VLOP). In 
Lopidea staphyleae and Plagiognathus albatus there 
are lateral lobes which extend into the genital 
chamber ventrad of the ventral labiate plate. 
These lobes converge medially to form an asy- 
metrical, sclerotized protuberance which extends 
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ventrally into the vestibulum. This structure 
probably serves as a place for attachment of the 
male copulatory organs during the mating 
process. 

The portion of the genital chamber referred to 
as the roof is the more or less flat dorsal surface. 
The posterior portion of the roof extends between 
the rami of the first valvulae and is supported by 
sclerotized areas which vary considerably in 
different species (Figs. 5, 8, 14, 17). In the 
anterior region of the genital chamber the roof is 
formed by a broad plate (Figs. 5, 13A, DLbP). 
This somewhat sclerotized area constitutes the 
dorsal labiate plate of the seminal depository. It 
is appressed to the ventral labiate plate and 
they are continuous at their lateral margins 
(Fig. 183A). The work of Kullenberg (1947) and 
of Slater (1950) has shown that in most mirids the 
dorsal labiate plate has a pair of low ridges on its 
dorsal surface. These ridges encircle patches 
of cuboidal epidermal tissue and are thus in the 
form of bilateral, sclerotized loops (Figs. 5, 13A, 
17, SR). These structures were referred to by 
Kullenberg as the Chitinschlinge and by Slater as 
the sclerotized rings. The name of these struc- 
tures used by Slater has been adopted in the 
present investigation and the areas of tissue 
which they encircle are here referred to as the 
ringed glands. 

A pouch-like structure is attached to the 
roof of the genital chamber in many species of 
Miridae. This structure was referred to by 


EXPLANATION OF PLATE IV 

Fic. 9A. Cross section of the spermathecal gland of 
Lygus lineolaris. 

Fic. 9B. Longitudinal section through the sperma- 
thecal chamber of Miris dolabratus. 

Fic. 10A. Cross section through the wall of the 
seminal depository of Lygus lineolaris showing the 
modified epidermis. 

Fic. 10B. A section through the ringed gland of 
Lygus lineolaris showing the modified epidermis. 

Fic. 11. Cross section through the genital chamber 
and base of the ovipositor of Lygus lineolaris. X 56. 

Fic. 12A-B. Cross sections through the ovipositor 
and second valvifers of Lygus lineolaris. X 103. 

Fic. 12A. A section just posterior to the genital 
chamber showing the fused portion of the second val- 
vulae. 

Fic. 12B. A section near the tip of the ovipositor 
showing the separate portion of the second valvulae. 

a, opening of the spermatheca into the genital cham- 
ber; bc, a portion of the body cavity extended into the 
second valvula; cu, cuticle; dt, duct from the body cavity 
to the surface of the second valvula; epd, modified epid- 
dermis; GC, genital chamber; JvM, intervalviferal mem- 
brane; mb, membrane between the eighth segment and 
anterior wall of the genital chamber; mbf, membranous 
fold in the egg-channel of the ovipositor; mc/, muscularis 
of the spermathecal chamber; nv, nerve; Odc, common 
oviduct; 1Ra, ramus of the first valvula; 2Ra, ramus of 
the second valvula; rg, ridge on which the first valvula 
rides; SgP, subgenital plate; SmDp, seminal depository; 
SptG, basal portion of the spermathecal gland; tr, trachea; 
1Vi, first valvula; 2V/, second valvula; 3V/, third val- 
vula; V/A, valviferal apodeme; 2 V/f, second valvifer. 
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Kullenberg as the dorsal sack and he considered it 
to be derived from the common oviduct (Figs. 5, 
14, 17, OdC). This view is supported in the 
present study. 

Membranous margins of the paratergites of the 
eighth segment are continuous with the anterior 
wall and roof of the genital chamber at the rami 
of the first valvulae (Fig. 11, mb). Also the 
anterior wall lies posterior to the seventh sternum. 
Therefore, these portions of the genital chamber 
may be considered to have been derived from 
the sternum of the eighth segment. 

The posterior margin of the region designated 
as the roof of the genital chamber is marked by a 
ventral inflection. The surface of the genital 
chamber extending from this inflection ventrally 
to the base of the second valvulae is the posterior 
wall (Figs. 13C, 15, 16A). Laterally, the pos- 
terior wall extends between the rami of the second 
valvulae. The dorsal portion of the posterior 
wall is membranous. The ventral portion, in 
general, consists of a median sclerotized process 
and a pair of bilateral sclerotized plates. The 
plates are referred to in this study as the inter- 
ramal sclerites. The dorsal margin of the inter- 
ramal sclerites in Miris dolabratus and Lygus 
lineolaris is turned anteriorly and a membranous 
fold extends from them (Figs. 13C, 16A, JrS). 
In Lopidea staphyleae the dorsal portion of each 
inter-ramal sclerite gives rise to a pair of prom- 
inent biramous processes (Fig. 15). In Plagi- 
ognathus albatus the inter-ramal sclerites are 
simple, oblong plates and in Lopidea staphyleae 
they are not clearly differentiated from the re- 
mainder of the posterior wall (Fig. 15, J/rS). 
Between the dorsal portions of the inter-ramal 
sclerites the posterior wall is differentiated into a 
sclerotized process which has an s-shaped form 
when viewed laterally. This is referred to here 
as the sigmoid process. Its development is elab- 
orate in Miris dolabratus and Lygus lineolaris 
(Fig. 19A, SmP), whereas it is rather simple in 
Plagiognathus albatus and Lopidea staphyleae 
(Fig. 15, SmP). 

The posterior wall is continuous with the second 
valvifers at the rami of the second valvulae 
(Fig. 11, ?Ra). For this reason the posterior 
wall may be considered to have been derived 
from the sternum of the ninth segment. 


The Seminal Depository 


Of particular interest in mirids is the relatively 
large membranous bladder which opens into the 
anterior wall of the genital chamber (Figs. 5, 


7, SmDp). This organ apparently serves to 
receive and store sperms and is, consequently, 
referred to as the seminal depository in this in- 
vestigation. It is of integumental origin and 
evideritly derived from the venter of the eighth 
segment. The lumen of the seminal depository 
is lined with a thin, very pliable cuticle. The 
internal surface, that is the surface facing the 
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haemocoel, is lined with epidermis. On the 
dorso-lateral surfaces of the seminal depository 
the epidermis appears to be differentiated into 
two large patches of glandular epidermis con- 
sisting of cuboidal cells with nuclei which are 
almost opaque when stained with hematoxylin 
(Fig. 10A, epd). Large secretory vacuoles were 
not found in these cells so it is assumed that 
their secretion passes through pores in the cuticle 
as it is slowly formed. 

In the virgin female this bladder is collapsed 
and contains almost no fluid (Fig. 18, SmDp). 
After insemination it is completely filled by the 
seminal fluid and by clumps of semi-solid material. 

Though the seminal depository appears to 
function as an organ for the storage of sperms, 
there is not sufficient reason for considering it to 
be homologous to the spermatheca of other 
insects. The first indication that it is not a 
spermatheca is that it is not in the proper position 
relative to the gonopore. Johannsen and Butt 
(1941) have pointed out that embryological 
studies indicate that the median oviduct of 
higher insects arises in early development by in 
invagination of the posterior region of the seventh 
venter. This is followed by the formation of a 
groove extending posteriorly on the venter of 
the eighth segment. The groove is gradually 
transformed into a tubular extension of the 
common oviduct. The external opening of the 
common oviduct, or gonopore, thus comes to lie 
in the posterior region of the venter of the eighth 
segment. The spermatheca arises as a median 


EXPLANATION OF PLATE V 


Fic. 138A. Dorsal aspect of the genital chamber of 
Miris dolabratus with the common oviduct and seminal 
depository removed. X 56. 

Fic. 13B. Ventral aspect of the roof and anterior 
wall of the genital chamber of Miris dolabratus with the 
first valvulae removed at the first valvifers. X 56. 

Fic. 13C. Dorsal aspect of the posterior wall of the 
genital chamber of Miris dolabratus. X 56. 

Fic. 14. Dorsal view of the genital chamber of 
Plagiognathus albatus. X 100. 

Fic. 15. Dorsal aspect of the posterior wall of the 
genital chamber of Lopidea staphyleae. X 46. 

Fic. 16A. Dorsal aspect of the posterior wall of the 
genital chamber of Lygus lineolaris. X 61. 

Fic. 16B. Ventral aspect of the anterior wall and 
roof of the genital chamber of Lygus lineolaris with the 
left valvula removed at the left first valvifer and the 
right valvula removed at its rami near the posterior 
margin of the roof. X 61. 

AWvVst, anterior wall of the vestibulum; BOdC, 
margin of attachment of the common oviduct; brp, bira- 
mous process; DLbp, dorsal labiate plate; JrS, inter- 
ramal sclerite; mb, membranous fold on the posterio- 
dorsal portion of the inter-ramal sclerite; mt, cuticular 
muscle tendon; OdC, the modified common oviduct; OdL, 
lateral oviduct; Ovp, ovipositor; 72, strengthening ridge 
of the second valvifer; 1 Ra, ramus of the first valvula; 
2 Ra, ramus of the second valvula; rg, ridge; RG/, area in 
which the ringed gland occurs; SmDp, seminal deposi- 
tory; SmP, sigmoid process; SR, sclerotized ring; VLbP, 
ventral labiate plate; 2V/f, second valvifer. 
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invagination in the eighth sternum just posterior 
to the gonopore. 

Johannsen and Butt (1941) have pointed out 
that in later development the gonopore and 
opening of the spermatheca may be carried in- 
ward by the formation of a copulatory pouch. 
Snodgrass (1933) has pointed out that the gono- 
pore may shift with changes in the genital chamber 
but that morphologically it opens anterior to the 
opening of the spermatheca. 

In giving a generalized description of the 
structure of the spermatheca of insects Snodgrass 
(1935) has noted that the spermatheca is typically 
a single sac-like structure with a muscular wall 
and a slender duct. Spermathecae which are of 
the general form indicated by Snodgrass have been 
described in various species of Hemiptera such as 
Lygaeus equestris(L.) (Ludwig, 1926), Nezara 
viridula(L.) (Malouf, 1933), and several species 
of aquatic hemiptera (Larsen, 1938). 

The opening of the seminal depository of 
Miridae can in no sense be considered morpho- 
logically posterior to the gonopore. Its walls 
contain no muscularis and it opens into the 
genital chamber by means of a broad slit-like 
orifice rather than a tubular duct. These facts 
seem to indicate that the seminal depository of 
mirids is unquestionably not homologous to the 
spermatheca of other insects. This conclusion 
is supported by the fact that mirids do have an 
organ which is apparently homologous to a 
spermatheca even though it does not store sperms. 

According to Reuter (1910), Nabidae, Antho- 


coridae, Cimicidae, and Reduviidae are relatively ° 


closely related phylogenetically to the family 
Miridae. The female genital organs of these 
families are, therefore, of particular interest in 
this investigation. Verhoeff (1893) has described 
a sac-like structure (umpaare Skelettstiick) at the 
base of the ovipositor of Anthocoridae. This 
structure is apparently homologous with the 
seminal depository of mirids. Kullenberg (1947) 
has shown that a seminal depository is also 
found in Nabidae. Galliard (1935) has noted 
that a pair of pouch-like organs which receive 
sperms are attached to the ventro-lateral surfaces 
of the genital chamber of reduviids. Since these 
organs are paired they may not be homologous 
to the seminal depository of mirids, but more 
study is needed to answer this question. 

In Cimex lectularius L. there are (Cragg, 1920) 
paired “spermathecae’”’ on each side of the com- 
mon oviduct. Cragg has shown that these 
organs do not have a cuticular lining. Their 
structure, plus the fact that they are paired and 
have a different function makes it seem very 
unlikely that these organs could be considered 
homologous with the seminal depository of 
Miridae. 


The Ringed Glands 
A portion of the epidermis covering the dorsal 
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labiate plate of the seminal depository is differenti- 
ated into a specialized tissue in two bilateral 
patches which apparently are glandular. Each 
of these plate-like patches of tissue is encircled 
by a low, somewhat sclerotized ridge in the sub- 
jacent cuticle (Fig. 5 10B, SR). 

The tissue of these glands consists of a single 
layer of cuboidal cells. The cell nuclei are more 
or less elliptical and they are almost opaque 
when stained with hematoxlyn. The cytoplasm 
is moderately granular and it does not appear to 
contain any secretory vacuoles (Fig. 10B, epd). 
The structure of these glands seems to indicate 
that they do not produce a great quantity of 
secretion. Since they are closely associated with 
the seminal depository, their secretion may be 
assumed to be in some way associated with 
maintenance of the sperms. It seems rather un- 
likely that these glands could function as col- 
leterial glands since they could not store and 
release sufficient secretion at the time the egg 
passes through the genital chamber. 

In Lopidea staphyleae the sclerotized rings ap- 
pear to be considerably modified. In this 
species the sclerotized areas equivalent to the 
sclerotized rings have their lateral portions 
twisted dorsally and the areas encircled by this 
structure are invaginated finger-like projections in 
the seminal depository. The function of this ar- 
rangement is not understood. 

Similar glands have been described in other 
Hemiptera. Kullenberg (1947) noted that flat 
epidermal glands encircled by sclerotized rings 
are found on the dorso-lateral surfaces of the 
genital chamber of Nabis. Ludwig (1926) de- 
scribed very similar glands on the genital chamber 
of Lygaeus. He regarded these as accessory 
glands and stated that they produce egg-cement. 


EXPLANATION OF PLATE VI 

Fic. 17. Dorsal view of the genital chamber of 
Plagiognatus albatus. X 100. 

Fic. 18. Dorsal aspect of the ventral plate of the 
abdomen of Lygus lineolaris showing some of the genital 
muscles. X17. 

Fic. 19A. Parasagittal optical section of the genital 
chamber of Lygus lineolaris. X 37. 

Fic. 19B. The same as above but showing the ovi- 
positor extended and an egg entering the genital chamber. 

Fic. 20. Dorsal view of the ovaries and lateral ovi- 
ducts of Lygus lineolaris with the left ovary as it normally 
occurs and the right ovary dissected out to show the 
individual ovarioles. X 18. 

Clix, Calyx; DLbP, dorsal labiate plate; E, egg; GC, 
genital chamber; JvM, intervalviferal membrane; M1, 
2, 3, 6, 7, genital muscles; mt, cuticular muscle tendon; 
OdC, common oviduct; OdL, lateral oviduct; Ovp, ovipos- 
itor; 1Ra, ramus of the first valvula; RP, ramal plate; 
SgP, subgenital plate; SL, suspensory ligament; SmDp, 
seminal depository; SmP, sigmoid process; Sph, sphincter 
of oviduct; SptC, spermathecal chamber; SptD, sperma- 
thecal duct; SptG, spermathecal gland; SR, sclerotized 
ring; 7F, terminal filament; VZbP, ventral labiate 
plate; 1V/f, first valvifer; 2V/f, second valvifer; Vst, 
vestibulum; Vu, vulva. 
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Larsen (1938) has described an unpaired, plate- 
like gland on the dorsal surface of the genital 
chamber of A phelocheirus and Micronecta. The 
gland in these genera is also encircled by a sclero- 
tized cuticular ring. Larsen believes that they 
produce a colleterial fluid. 


The Spermatheca 


The well developed, tubular organ referred to 
as the spermatheca in this paper opens medially 
into the genital chamber in the vicinity of the 
lateral oviducts (Figs. 8, 18, SpiG). Three re- 
gions can be recognized in this organ. The first 
is the narrow spermathecal duct which opens into 
the genital chamber (Fig. 18, SptD). This is 
followed by the tubular spermathecal chamber 
(Fig. 18, SpiC) which distally gives rise to the 
spermathecal gland (Fig. 18, SptG). 

The lumen extending through these three 
regions is lined with a non-sclerotized, cuticular 
intima. The lumen of the basal portion of the 
spermathecal duct is very fine. In Lygus lineo- 
laris the spermathecal duct is not straight but 
is convoluted as it passes through the genital 
chamber. Distally the spermathecal duct grad- 
ually widens as it opens into the spermathecal 
chamber (Fig. 9B). The cuticular intima of 
the spermathecal chamber is characterized by 
many encircling, ridge-like folds (Fig. 9B, cu) 
The spermathecal chamber is ensheathed by a 
relatively thick muscularis (Fig. 9B, mcl). The 
muscle fibers extend longitudinally and are at- 
tached on the distal and proximal marginal 
zones of the spermathecal chamber. Apparently 
the folds in the cuticular wall serve to enable a 
shortening and lengthening of the spermathecal 
chamber with the corresponding contraction and 
expansion of the muscularis. 

The lumen of the spermathecal chamber 
gradually narrows distally as it passes into the 
spermathecal gland. In the glandular portion 
the cuticular intima is very fine. It is surrounded 
by large, wedge-shaped, glandular cells. In cross 
section a vacuole can be seen in various stages of 
development in the basal part of each cell (Fig. 
9A). When fully formed these vacuoles are 
rather large. The cytoplasm has a _ strong 
tendency to retain the hemotoxylin stain so that 
it is almost as dark as the nuclei. The nuclei 
when stained were granular and they were rather 
large and spherical. 

It is of particular interest to note that sperms 
are not found in the spermatheca. However, 
comparison of this organ to the spermatheca of 
other Hemiptera leaves little doubt that it is at 
least homologous to a spermatheca. 

The studies which have included the internal 
female genital organs of Lygaeus, Pyrrhocoris 
(Ludwig, 1926), Naucoris, Notonecta, A phelo- 
cheirus, Corixa (Larsen, 1938), and Nezara 
(Malouf, 1933) indicated that the spermatheca of 
each of these genera has the same basic structure. 
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Three general regions are recognizable in the 
spermatheca of each, although the form of each 
region may vary considerably in the different 
genera. The spermatheca of each has an efferent 
duct which opens dorsally into the genital 
chamber. The duct leads from a muscular por- 
tion and apically there is a glandular portion. 

In the reduviid genera Rhodnius and Triatoma 
an entirely different type of sperm-receiving 
organ has been described by Galliard (1935). 
This organ consists of paired sac-like structures 
which open ventro-laterally into the genital 
chamber. They are of integumental origin. It 
seems quite unlikely that these are homologous 
to the spermatheca of other insects because their 
structure is not like the typical spermatheca and 
because their openings are not in the proper 
relationship to the median gonopore. However, a 
tubular gland opening dorsally into the genital 
chamber of reduviids has been described by 
Galliard. He referred to this as the accessory 
gland and stated that the function of this gland 
is to cover the eggs with a secretion which will 
permit them to adhere to the substratum. Lar- 
sen (1938) has pointed out that the structure of 
this so-called accessory gland is very similar to 
the spermatheca of many aquatic hemiptera, 
such as species of Naucoris, A phelocheirus, 
Notonecta, and the corixid species. 

The so-called accessory gland of reduviids is 
also very similar to the spermatheca of Miridae. 
The similarity between the two is particularly 
marked in the basal tubular chamber found in 
each. As illustrated by Galliard (1935), the 
inner surface of this chamber contains a series 
of ring-like folds in the cuticular lining. The 
external surface of this chamber is covered by a 
layer of longitudinal muscles. This is essentially 
the same as the structure of the spermathecal 
chamber of mirids. The glandular distal por- 
tion of each is also very similar, and neither 
stores sperms in its lumen. 

Last of all, it should be pointed out that the 
presence of muscles on this gland of reduviids 
is a further indication that it is a spermatheca 
rather than an accessory gland. The presence 
of muscles on the spermatheca of other insects 
is a Characteristic commonly mentioned but, aside 
from Galliard’s description, the author has 
found no mention in entomological literature of a 
muscularis associated with the accessory gland. 

In Cimex there are also paired sac-like struc- 
tures arising laterally from the genital chamber 
and they commonly are referred to as the sperma- 
thecae. Cragg (1920) and Abraham (1934), who 
have studied the structure of these pouches, in- 
dicated that they do not have an inner cuticular 
lining and that their function is the absorption 
of excess sperms. Neither of these workers re- 
garded these organs as homologous to the true 
spermatheca of other insects. Since they lack 
an inner cuticular lining and have a different 





1955 Davis: 
function, they are probably not homologous to the 
sperm-receiving organ of reduviids. Abraham 
has stated that Cimex does not have an organ 
which could be considered to be a spermatheca. 


The Accessory Glands 


In this study the author has not found any 
glands in the mirids which are unquestionably 
homologous to the accessory glands of the female 
reproductive system of other insects. However, 
Kullenberg (1947) has pointed out that the eggs 
of mirids are usually coated with egg-cement 
when deposited. He attributed the secretion of 
this cement to glandular tissue at the base of the 
second valvulae. This is an assumption based 
on his observation that this tissue is more prom- 
inent in species in which the egg-cement is pro- 
duced in greater quantities. Kullenberg sug- 
gested that when the ovipostor is extended the 
egg-cement is secreted into the egg-channel of 
the ovipositor. He did not provide illustrations 
of the gross anatomy or histology of this tissue. 

In the present investigation the region at the 
base of the second valvulae has been carefully 
studied and the tissue believed to be that de- 
scribed by Kullenberg has been located. This 
tissue is found lining the inner surface of the 
anterior portion of each of the second valvifers. 
In young adult females of Lygus lineolaris 
this tissue is thin and indistinct but becomes 
thicker and more clearly differentiated from the 
adjacent epidermis when the female becomes 
gravid. When these patches of tissue are 
fully developed they are composed of large 
columnar cells which are stained very deeply by 
hematoxylin. Secretory vacuoles were not found 
in this tissue nor were there found any ducts or 
chambers. 

In describing the typical form of the female 
accessory gland of insects, Snodgrass (1933) has 
noted that it developes as a median invagination 
of the ectoderm of the ninth-segment and that it 
is usually bifurcate. These patches of tissue in 
Miridae are associated with the ninth segment 
only in so far as they are on the second valvifers. 
They are bilateral rather than median. They 
are not tubular nor do they appear to be asso- 
ciated with any integumental invagination. It 
would probably be impossible to determine if this 
tissue has an important glandular function 
without detailed cytological study. However, 
since these patches of tissue lack cuticular 
lined ducts opening into the genital tract, it is 
doubtful that they are homologous to the female 
accessory gland or that they could function as 
colleterial glands. 

It has been mentioned previously in this 
study that the spermathecae of certain reduviids 
apparently serve for the production of egg- 
cement (Galliard, 1935; Larsen, 1938). It is 
possible that the spermathecae of mirids have the 
same functton. 
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In the discussion of the ringed glands in this 
paper it was noted that glands similar to these 
have been described in certain other Hemiptera 
in which they were considered to be the accessory 
glands and to produce egg-cement (Ludwig, 1926; 
Larsen, 1938). The ringed glands of mirids may 
be homologous to these but probably do not 
produce egg-cement. 


The Common Oviduct 


The lateral oviducts do not lead into a tubular 
common oviduct but enter separately into the 
genital chamber (Figs. 17, 20, OdL). The por- 
tion of the genital chamber through which the 
lateral oviducts enter is a clearly differentiated, 
non-sclerotized structure (Figs. 5, 19A, OdC). 
Kullenberg’s (1947) study shows that this 
structure is commonly pouch-like. It appears to 
have been formed, at least partly, by the incor- 
poration of the common oviduct into the roof of 
the genital chamber and is, therefore, referred to 
in the present study, as the common oviduct. 
The form and probably the function of this 
structure may vary considerably in different spe- 
cies. In Miris dolabratus (Figs. 7, 8, OdC) the 
common oviduct is a broad, flat pouch. In 
Lopidea staphyleae and Phagiognathus albaius the 
common oviduct is reduced to a flat membranous 
area in the roof of the genital chamber (Figs. 14, 
17, OdC). 

The epidermis of the common oviduct is well 
developed and may be glandular. 


The Lateral Oviducts 


The Jateral oviducts arch dorso-anteriorly from 
the genital chamber (Fig. 20, OdL). A cuticular 
portion evidently derived from the common ovi- 
duct, extends a short distance into the lumen of 
each (Fig. 5, OdL). The lateral oviducts are en- 
closed by a thin layer of circular and longitudinal 
muscles. The circular muscles are especially well 
developed near the point of attachment of the 
lateral oviducts to the genital chamber, and in 
Lygus lineolaris they may be seen as swollen 
sphincters in this region (Fig. 19A, sph). The 
calyx (Fig. 20, Clx) of each lateral oviduct is not 
enlarged for the storage of accumulated eggs as 
it is in some insects. 

¢ The Ovaries 

Each ovary consists of seven ovarioles extending 
serially from the calyx (Fig. 20). Apically the 
ovarioles are drawn out into terminal filaments 
(Fig. 20, TF) which join together into a sus- 
pensory ligament (Fig. 20, SL) extending an- 
teriorly from each ovary. The suspensory liga- 
ments extend into the thorax where they are 
separately attached to the anterior phragma of 
the mesonotum. The ovariolesare the acrotrophic 
type which according to Snodgrass (1935) is the 
usual type in Hemiptera. As the ovaries mature 
there isan accumulation of eggs in successive stages 
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of development in the ovarioles, the ovarioles be- 
come considerably longer and double up on them- 
selves (Fig. 20, a). When fully mature each 
ovary is relatively large and occupies much of 
the space of the abdominal cavity. 


The Genital Muscles 


Eight pairs of muscles are directly associated 
with the female genitalia. Since the homologies 
of these muscles have not been established they are 
referred to here by numbers only. The most 
conspicuous of these are the three pair of muscles 
which are inserted on the ramal plates. The most 
anterior of these is a pair of muscles originating 
at the posterior lateral margins of the genital 
chamber and inserted on the dorsal anterior 
faces of the ramal plates (Figs. 7,18, M1). These 
are designated as the number one muscles. Caudo- 
ventrad of these muscles there is another pair of 
muscles which originate on the valviferal ap- 
odemes and are inserted on the ventral portion 
of the anterior faces of the ramal plates (Figs. 7, 
18, M2). These are referred to here as the 
number two muscles. The third pair of large 
muscles originates on the posterior portion of 
each of the valviferal apodemes and each is in- 
serted on the posterior face of a ramal plate 
(Figs. 7, 18, M3). These are referred to here as 
the number three muscles. 

A pair of small muscles originates on the median 
tergite of the ninth segment and each is inserted 
on the most posterior portion of a valviferal 
apodeme (Fig. 7, M4). These are designated 
here as the number four muscles. Slightly mesad 
of these muscles there is another pair of muscles 
which originate on the median tergite of the 
ninth segment and are inserted on the third 
valvulae (Fig. 7, M5). These are referred to here 
as the number five muscles. 

The remaining muscles are attached on the labi- 
ate plates. Two pairs of fan-shaped muscles 
originate on the eighth paratergites and are in- 
serted by tendons extending to the fused lateral 
margins of the labiate plates (Fig. 7, M6, M7). 
The muscles of the pair with the most anterior 
insertion on the labiate plates are referred to as 
the number six muscles. The muscles of the 
other pair are referred to as number seven muscles. 
A short pair of muscles which originate on the 
seventh sternum, and are inserted on the ventral 
labiate plates, (Fig. 7, M8) are referred to as the 
number eight muscles. 


The Mechanics of Oviposition 


The sheath of the ovipositor which is formed 
by the second valvifers and third valvulae is 
probably opened and closed by the action of the 
number one, two, three and four muscles which 
are inserted on the valviferal apodemes and by 
each of the number five muscles which are in- 
serted on the third valvulae (Fig. 7, M). When 
the ovipositor is to be extended the sheath opens 
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until the ovipositor is erect and then closes 
behind it, locking the ovipositor in position. 
The extension of the ovipositor seems to be 
brought about by the contraction of the number 
four muscles. This produces a pull on the rami 
of the first valvulae and thus extends the ovi- 
positor. As the ovipositor is extended the entire 
genital frame rocks so that the anterior end 
(that is, the base of the ovipositor) moves caudo- 
ventrad, and the posterior portion of the genital 
frame moves cephalo-dorsad (Fig. 7). This shift 
of the genital frame is brought about by the con- 
traction of the number five and six muscles 
posteriorly and by the number eight muscles 
anteriorly. Probably this shift is also aided 
considerably by the dorsal longitudinal muscles 
of the eighth segment. Simultaneously, the en- 
tire abdomen is depressed so that the ovipositor 
is almost perpendicular to the substratum and the 
drilling movements of the ovipositor blades be- 
gin. Presumably these movements are essenti- 
ally the same as those which may be observed 
shortly after decapitation of a gravid female. 
When such a female is placed ventral side up in a 
dissecting pan and covered with physiological 
saline, the ovipositor may be teased into the 
erect position and a series of distinct, rhythmical 
movements of the ovipositor blades observed. 
The primary drilling movements are alternate 
extensions and retractions of the first valvulae. 
These movements are occasionally interrupted by 
two or three movements of a different type. In 
this case the first valvulae work in unison and 
they and the second valvulae are alternately ex- 
tended and retracted. This second type of 
movement probably serves to move the second 
valvulae down into the hole as it is drilled by the 
first valvulae. 

The number one, two, and three muscles are 
responsible for the extension and retraction of the 
ovipositor blades. When they move the ramal 
plate posteriorly, this movement is transmitted 
through the rami of the first valvulae, retracting 
them. Similarly, when the ramal plate is pulled 
anteriorly, the first valvulae are extended. 
When the first valvulae are working alternately, 
the second valvulae are neither extended nor 
retracted, since they are fused into one piece and 
the pull of the muscles on one side is counteracted 
by the pull of the mucles on the other side. When 
the first valvulae are moved in unison the muscles 
of each side act to pull the second valvulae up at 
the same time they are extending the first valvulae 
and vice versa. 

The number six and seven muscles (Fig. 18) 
serve to regulate the folds of the genital chamber 
so that the egg can pass through it. In Lygus 
lineolaris and Miris dolabratus, for example, con- 
traction of these muscles bows the labiate plates 
and at the same time draws their anterior portion 
dorso-caudad. This causes the posterior margins 
which extend into the genital chamber to move 
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cephalo-ventrad, opening the passage between 
the oviducts and the egg-channel of the ovipositor. 
The shift in these parts can best be seen by 
comparison of the position of the labiate plates in 
Figs. 19A and 19B. 

Meanwhile the muscles of the lateral oviduct 
begin to move the egg into the genital chamber. 
The alternate movements of the valvulae are 
transmitted through the genital chamber and 
these movements apparently serve to move the 
egg through the genital chamber. There are 
various special structures in the genital chamber 
of different species which facilitate the movement 
of the eggs. In Lygus lineolaris many of the 
parts bear fine wrinkles and spines. The apices 
of these structures are all directed distally, and 
as the parts of the genital chamber rub against 
the egg the friction moves the egg down into the 
egg-channel of the ovipositor. In Lopidea sta- 
phyleae there are biramous processes derived from 
each of the inter-ramal sclerites of the posterior 
wall (Fig. 15, rp). Each of these structures lies 
ventrad to the openings of the lateral oviducts. 
As the egg passes into the genital chamber the 
prongs of the biramous process on the side where 
the egg enters fits against each side of the egg. 
These prongs are lined with little teeth and as 
they move back and forth with the movements of 
the ovipositor blades they push the egg down into 
the egg-channel of the ovipositor. 

The inner surfaces of the egg-channel of the 
ovipositor of mirids is lined with fine wrinkles. 
The crests of the wrinkles are directed distally; 
their friction against the egg as the valvulae 
move, causes the egg to move down and out of 
the egg-channel. 


The Terminology of Taxonomic Characters 


The more important structures used as tax- 
onomic characters by Slater (1950) have been 
considered in this investigation. The sclero- 
tized areas encircling the ringed glands were 
used extensively by Slater who referred to them 
as the sclerotized rings (Fig. 5, SR). Since 
little is known at present of the homologies and 
function of these glands, it is felt that a more 
adequate name for the structures encircling 
them cannot be suggested. Slater has referred 
to the plate on which the rings occur as the F 
structure. In the present study this structure 
has been named the dorsal labiate plate (Fig. 13A, 
DLbP). The subjacent structure designated as 
structure G by Slater is referred to here as the 
ventral labiate plate (Fig. 13B, VLbP). 

In the posterior wall of the genital chamber 
Slater referred to the two lateral sclerotized areas 
as the A structures. In the present paper these 
have been named the inter-ramal sclerites (Fig. 
13C, IrS). The prominent mesal thickening of 
the posterior wall was referred to by Slater as the 
B structure. This structure is called the sigmoid 
process in the present study (Fig. 19A, SmP). 

Various parts of the inter-ramal sclerites such 
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as the soft folds (Fig. 13C, mb) or the biramous 
processes (Fig. 15, brp) extending from the pos- 
terior margin were given alphabetical disignations 
by Slater. Such designations were also applied 
to various regions of the sigmoid process. In 
the present study these regions have been re- 
ferred to only by descriptive terms. It is felt that 
such descriptive terms plus specific names of the 
parts on which they occur will be adequate for 
taxonomic purposes. 
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SUMMARY AND CONCLUSIONS 


In the female mirids eleven abdominal seg- 
ments may be distinguished. The sternum of the 
first segment is greatly reduced. The sternum 
of the seventh segment is produced caudally to 
form a subgenital plate. Spiracles are found on 
segments two through eight. The terga are in- 
flexed on each side forming connexiva. Clear 
boundaries between the terga and sterna of the 
pregenital segments are lacking. Therefore, in 
order to avoid confusion resulting from this lack 
of boundaries the abdominal regions above and 
below the connexiva are referred to as dorsal and 
ventral plates. 

The ovipositor is formed by the first and 
second valvulae. The second valvulae are fused 
into one piece except near their apices. The 
first valvulae are the blades active in drilling and 
have fine, saw-like teeth. They shuttle on ridges 
of the second valvulae which fit into grooves in 
the first valvulae. 

The first valvifers are apparently represented 
by small lobes at the base of each of the first 
valvulae. The second valvifers are elongated 
plates forming a sheath enclosing the ovipositor 
when not in use. The third valvulae are small, 
lobe-like sclerites at the posterior end of each of 
the second valvifers. 

From the base of each of the first valvulae a 
rod-like ramus extends back and is attached to 
the inflexed anterior margin of each of the ninth 
paratergites. The inflexed portions of the ninth 
paratergites are called the ramal plates. Ven- 
trally the ramal plates are articulated to the 
second valvifers. 

A small patch of bristles is found on each side 
of the abdomen in the intersegmental membrane 
between the eighth and ninth paratergites and 
near the point of articulation of the ramal plates 
to the second valvifers. These patches are prob- 
ably sensory organs. 

The sternal portion of the eighth and ninth 
segments is apparently turned inward forming a 
vestibulum and genital chamber. The vulva of 
the vestibulum lies beneath the subgenital plate. 
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A membranous cuticular sac extends anteri- 
orly from the genital chamber. This sac evi- 
dently serves to receive and store sperms and has 
therefore been named the seminal depository. 
The orifice of this sac is formed by broad dorsal 
and ventral sclerotized pieces called the labiate 
plates. On the dorsal labiate plate there is a pair 
of sclerotized rings encircling modified epidermal 
tissue which is apparently glandular. These two 
plates of epidermal tissues have been termed the 
ringed glands. The secretion of these glands is 
believed to be related to the maintenance of the 
sperms. They appear to be homologous to ac- 
cessory glands which have been described in other 
Hemiptera but which have been reported to have 
a different function. 

The posterior wall of the genital chamber may 
be differentiated into a pair of sclerites termed 
the inter-ramal sclerites and a median sclerotized 
process which is typically s-shaped and has been 
termed the sigmoid process. 

The spermatheca is a long, vermiform organ 
which opens on the roof of the genital chamber. 
It consists of a basal duct portion, a median 
chamber, and an apical gland portion. The 
chamber is provided with a muscularis. This 
organ evidently does not serve for the storage 
of sperms. Possibly its secretion is sperma- 
tophilous or it serves as an egg-cement. 

It has been shown that structures described as 
the accessory glands in an earlier study are not 
true accessory glands and do not produce the 
egg-cement. The source of the egg-cement re- 
mains undetermined. 

The common oviduct appears to be modified 
to form a pouch or membranous area on the roof 
of the genital chamber. The lateral oviducts 
open separately into the genital chamber through 
the common oviduct. 

The ovaries each consist of seven acrotrophic 
ovarioles and are suspended by separate liga- 
ments which are attached to the anterior thoracic 
phragma. 

There are eight pairs of genital muscles. These 
variously serve to erect the ovipositor, extend and 
retract the blades of the ovipositor, and to open 
the genital chamber so that the egg may pass 
through. 

The drilling movements of the ovipositor con- 
sist primarily of alternate extensions of the first 
valvulae. These movements are interrupted at 
intervals and the first valvulae move in unison. 
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THE SPECIES AND SUBSPECIES OF NORTH AMERICAN ALLOTHRIPS 
(Thysanoptera; Phlaeothripidae) 


LEWIS J. STANNARD, JR. 


Illinois Natural 


Allothrips is apparently world-wide in distribu- 
tion. For the most part species of this genus 
are restricted to tropical or subtropical areas. 
Several, however, extend well into the temperate 
zone. Three species are known from Africa, one 
species has been found in Sarawak of the East 
Indies, and at least four species occur in the 
southern half of North America. Presumably 
their ability to reach these widely scattered 
regions and even islands has not been dependent 
upon flight for none of them, as far as is known, 
has fully developed wings and possibly never did 
since the time of their origin. They are found 
often in leaf mould and on dead twigs. 

Another genus, Parallothrips, which contains 
only two species, is seemingly closely related to 
Allothrips. Although eventually it might be 
better to combine the two genera, only species of 
Allothrips, as now defined, will be considered in 
this paper. Means for separating Parallothrips 
from Allothrips are given in the key that follows. 

Most likely Allothrips was derived from a 
type similar to some of our present species of 
Pseudocryptothrips. Representatives of both gen- 
era are specialized in the same degenerate manner, 
with reduced eyes, lack of fully developed wings, 
loss of heavy body reticulations, and with a 
break up of some sternal sclerites in the thorax. 
Allothrips shows further evidence of degenerate 
specialization in that the last two antennal 
segments have become completely fused. AlJlo- 
thrips and Pseudocryptothrips belong to the group 
that I call the subfamily Megathripinae. This 
group contains tubuliferous thrips, with thickened 
maxillary stylets, whose males always lack gland- 
ular areas on abdominal sterna VIII and never 
have the dorsal posterior lateral setae of abdom- 
inal segment IX unusually shortened nor thorn- 
like. 

Recently I have studied the more than 200 
North American specimens of this genus in the 
collections of the Illinois Natural History Survey. 
Those from the United States, A. megacephala, 
A. nubillicauda, A. watsoni watsoni, and A. 
aurea, new species, are easily recognizable as 
distinctive species units. However, taxonomic 
difficulties were encountered when I tried to fit 
the Mexican entities into the classification system 
that worked well with the more northern types. 
The relationships of these forms and the nature 
of the populations from whence they came are 
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History 


Survey, Urbana 


still far from satisfactorily known, hence this 
report is preliminary in nature. 

Many persons have kindly supplied me material 
of this genus. Among those who have gone to 
considerable trouble and time to collect or send 
me specimens are: Dr. F. Bonet, Dr. M. Cazier, 
Dr. W. Gertsch, Dr. and Mrs. C. J. Goodnight, 
Mrs. Elizabeth Maxwell, Dr. H. B. Mills, Miss 
Kellie O’Neill, Dr. J. Porter. Mr. W. R. Rich- 
ards, Dr. H. H. Ross, Dr. M. W. Sanderson, and 
Dr. D. L. Wray. I am greatly obligated to each 
of them for their generosity. I am indebted also 
to the Society of the Sigma XI for a grant-in-aid 
which made possible a collecting trip to the 
Yucatan peninsula; to the John Simmon Guggen- 
heim Memorial Foundation which sponsored Dr. 
Mills’ trip to the West Indies; and to the United 
States National Museum and Clemson Agri- 
cultural College, S. C. for the opportunity to see 
their collections. 

Several genera of Tubulifera resemble A/llo- 
thrips in many ways. Those genera that might 
be mistaken for Allothrips could be separated by 
the following key: 

1. Maxillary 


mouth cones pointed 


Neothrips Hood 


mouth cones 
9 


stylets slender; 


Maxillary stylets thick, band-like; 
broadly rounded... . 

Antenna eight- segmented. Pseudocryptothrips Priesner 

Antenna seven-segmented . = 3 

Postocular setae pointed; antennal segment VII not 
pedicelate, closely joined to segment VI... 

Parallothrips Hood 
antennal segment VII 
joined to segment VI 


Allothrips Hood 


dilated; 
closely 


Postocular setae 
pedicelate, not 


Neothrips is not at all related to Allothrips but 
rather belongs to that group of Tubulifera which 


has slender maxillary stylets and is nearest 


Hoplothrips in phyletic sequence. 


Allothrips Hood 
PLATE | 
Allothrips Hood, 1908, p. 372. Type species by mono- 
topy; Allothrips megacephalus Hood. 
Head.—Moderate in size; generally smooth 
except at base of the dorsum, Figs. 1 to 3. Eyes 
of apterous forms composed of but a few large 
round facets, slightly more facets in brachypterous 
forms. Ocelli present or absent. Antennae in- 
serted just forward of the anterior eye margin; 
each antenna seven-segmented, morphological 
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segments VII and VIII completely fused; segment 
III hardly, if at all longer than segment II; 
apexes of antennal segments IV, V, VI produced 
to a point ventrally; antennal segment VI not 
closely joined to VII. Ocellar and postocular 
setae well developed, dilated at tip. 

Mouth parts~—Mouth cones broadly rounded. 
Maxillary stylets thick, band-like, extended well 
into the head, and placed parallel to V-shaped 
within the head. Each palp with a sharp 
spine-like seta at tip. 

Thorax.—Most major setae dilated at tips. 
Epimeral suture of prothorax complete or incom- 
plete. Praepectus absent or faint. Mesoprae- 
sternum degenerate or absent. Meso- and meta- 
furca nearly touching each other. Notum smooth 
or with only faint reticulations. Males with 
or without fore tarsal spurs; females always 
without such spurs. Femur with dilated setae. 

Wings.—Usually completely apterous, rarely 
with wing pads, never possessing fully developed 
wings. 

Abdomen.—Pelta (the differentiated shield on 
the notum of abdominal segment I) broad, with 
reticulations confined to the posterior margin or 
absent. Sides of notum of segment II frac- 
tured into tiny platelets resembling stipuled 
membrane. Males without marked glandular 
areas on sterna VIII. Tube short. 


KEY TO THE ADULTS 
Cheek setae, posterior to the postocular setae, dilated 
at tips, fig. 1. ... .mubillicauda 
— Check setae posterior to the postocular setae, pointed 
at tips, fig. 2 and 3 
Mid pair of posterior marginal setae of prothorax 
pointed at tips, fig. 3 
Mid pair of posterior marginal setae of prothorax 
dilated at tips, fig. 2 
Major pair of lateral marginal setae on dorsum of 
abdominal segment IX dilated at tips; abdomen 
vellow; from California 
Major pair of lateral marginal setae on dorsum of 
abdominal segment IX pointed at tips; abdomen 
brown; from Mexico and the West Indies 4 
Tube predominantly yellow.......watsoni biminiana 
Tube predominantly brown 5 
Major pair of mid marginal setae on dorsum of ab- 
dominal segment IX pointed at tips normally 
(rarely dilated), fig. 4; from Mexico. watsoni acuta 
Major pair of mid marginal setae on eg of ab- 
dominal segment IX dilated at tips, fig. 5; from 
the Greater Antilles and southern Florida 
watsoni watsoni 
brown, usually, about as long as 
United States. ..megacephala 
always slightly 
.watsoni mexicana 


Head uniformly 
wide; from eastern 
Head yellowish, at least at base, 
longer than wide; from Mexico. 


Allothrips megacephala Hood 
FIGURE 2 

Allothrips megacephalus Hood, 1908, p. 373. 9. Type 
locality: either Urbana or Springfield, Illinois; not 

originally stated. 
Allothrips megacephalus Hood, Shull, 1909, p. 228. o. 
FEMALE: Size~—Completely distended, about 
1.6 mm. Color.—Generally dark brown, head 
uniformly dark brown. Lighter brown with faint 
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antennal segments I and II especi- 
ially at apexes, tarsi, and often base of tube. 
Head.—Usually about as long as wide. Setae.— 
Cheek setae always pointed. Mid pair of dorsal 
posterior prothoracic setae dilated. Mid pair of 
dorsal posterior setae of abdominal segment IX 
dilated and shorter than tube length. Lateral 
pair of dorsal posterior setae of abdominal seg- 
ment IX either dilated, blunt or pointed. 

MALE: Size——Distended, about 1.1 mm. Color. 

As in female but somewhat lighter. Head. 
Either as long as wide or longer than wide by a 
ratio of 6 to 5. Setae. As in female except 
lateral pair of dorsal posterior setae of abdominal 
segment IX almost always dilated. 

Seemingly this, the type species of the genus, 
is distinct from its congeners. However, in 
certain characteristics megacephala tends to 
intergrade towards A. watsoni mexicana. The 
subspecies mexicana has a more elongate head 
whereas megacephala usually has a shorter head, 
only exceptionally as long as in the former en- 
tity. Often in megacephala the lateral pair of 
dorsal posterior setae of abdominal segment IX 
are dilated at the tips although just as often 
these setae may be pointed as they usually are in 
watsoni subspecies mexicana. The lighter head 
color of mexicana may be the most reliable 
characteristic to separate that entity from 
megacephala which has a darker brownish head. 
As far as is known megacephala is the only species 
that lives on dead branches and under bark; 
all of the others of the genus are found in the 
litter of the forest floor. Principally because of 
its ecological segregation, megacephala is regarded, 
herein, as a separate species in the Linnean sense. 

At present the total range of megacephala is 
unknown. Possibly it occurs throughout East- 
ern United States and even southeastern parts of 
Canada. It has been collected from many lo- 
calities in Illinois (INHS), from the northeastern 
corner of Iowa (Moulton and Andre, 1936), from 
the lower peninsula of Michigan (Shull, 1909), 
from northern and central Florida (Watson, 
1935), from South Carolina (Clemson Agricultural 
College Collections), and from Tennessee (Clem- 
son Agricultural College Collections). 

Of the specimens available to me or reported in 
the literature all but two have been apterous. 
Hood, 1908, described a brachypterous female 
from somewhere in central Illinois and I have 
before me a brachypterous female taken at 
Muncie, also in central Illinois. These brachyp- 
terous individuals have larger eyes composed of 
more facets but compared with other Tubulifera 
these eyes are still quite small. In addition to 
the change of form of the eyes and of the meso- 
thorax, and the presence of ocelli, the brachypter- 
ous forms differ from the apterous ones by bearing 
sigmoidal wing-holding setae on many segments 
of the abdomen. Most of the males now accumu- 
lated are major males, that is they bear enlarged 


yellow tint: 
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NUBILLICAUDA MEGACEPHALA W. BIMINIANA 


W. BIMINIANA Ww. WATSONI 


Dorsal aspect of head and prothorax. 
Fic. 1, Allothrips nubillicauda; Fic. 2, Allothrips megacephala; Fic. 3, Allothrips watsoni biminiana. 


Dorsal aspect of abdominal segments IX and X. 
Fic. 4, Allothrips watsoni biminiana; Fic. 5, Allothrips watsoni watsont. 
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fore legs, thickened fore tarsal teeth, and slightly 
longer heads. Shull (1909) reported a minor 
male from Michigan and before me is a minor 
male from Quincy, Illinois and from Ridgeland, 
South Carolina. Eggs have been found in females 
on May 4 and June 23 in Illinois. Adults have 
been taken in late fall which may indicate that 
megacephala overwinters in this stage in the upper 
Mississippi Valley region. They definitely over- 
winter as adults in South Carolina. 

I have examined 18 males and 42 females in- 
cluding a paratype from Urbana, Illinois. 


Allothrips watsoni mexicana new subspecies 


FEMALE: Size.—Distended, about 1.6 mm. 
Color ——Generally brown to dark brown, head 
yellow to yellowish brown in at least the posterior 
half. Lighter brown to yellowish: antennal seg- 
ments I and II especially at apexes, antennal 
segment III in basal half, tarsi, and sometimes 
tibiae. Tube sometimes reddish brown at base. 
Head.—Longer than wide with a ratio of about 
7 to 6. Setae-—Cheek setae always pointed; 
mid pair of dorsal posterior prothoracic setae 
dilated. Mid pair of dorsal posterior setae of ab- 
dominal segment IX dilated and shorter than 
tube length except in rare case in which these 
setae are blunt and about as long as the tube 
(Monterrey specimen). Lateral pair of dorsal 


posterior setae of abdominal segment IX usually 
pointed but occasionally dilated or blunt. 


MALE: Size.-—Completely distended, about 1.2 
mm. Similar to female. In the single specimen 
examined the lateral pair of dorsal posterior setae 
of abdominal segment IX dilated at tips. 

HoLotyPE.—Female; Acapulco, Gro., Mexico; 
Sept. 7, 1946; (F. Bonet); from debris. Para- 
types—7 92; same data as for holotype. Addi- 
tional records.—8 9 , 1c’; Tepatitlan, Jal., Mexico; 
Sept. 20, 1947; (Alverz & Tellez); from debris. 
1 9, 1 larva; Monterrey, N. L., Mexico; July 31, 
1953; (Goodnights); ground cover on Mesa de 
Chipinque. 

If this entity could be eliminated from the 
scheme of things, the strictly taxonomic part of 
this paper would be easier to compose. It seems 
to stand midway between Allothrips watsonzi s. str. 
and Allothothrips megacephala, but slightly closer 
to the former. Complexes and subspecies of 
watsoni all can be characterized by the slightly 
longer than wide head, by the predominance of 
yellow in the head, and by the brown abdomen. 
The subspecies mexicana has these characteris- 
tics, whereas megacephala varies around a mean 
of a shorter and darker head and further differs 
in range and habitat. 

In setting up this subspecies I have selected the 
specimens from Acapulco for the types. Addi- 
tional specimens from Tepatitlan and Monterrey, 
Mexico are tentatively referred to this subspecies 
and their characteristics are included to enlarge 
the limits of variation. None of the eight speci- 
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mens of Acapulco, all females, has the lateral 
pair of dorsal posterior setae of abdominal seg- 
ment IX dilated at the tips. Instead these setae 
are always long and pointed. In contrast about 
half of the specimens from Tepatitlan have these 
setae dilated much the same as in some mega- 
cephala. Furthermore those from Acapulco are 
somewhat lighter in color and the bases of their 
tubes are reddish brown. Those from Jalisco 
and Nuevo Leon are darker and the bases of 
their tubes are dark brown. The only male 
known is from Tepatitlan and is a minor indi- 
vidual with small fore legs bearing small fore 
tarsal teeth. 

It is interesting to note that the populations of 
this subspecies which are closer in distance to 
populations of megacephala are also closer in color 
and setal form to megacephala. In turn the 
populations at Acapulco are closer to watsoni 
acuta in structure as well as in distance. Al- 
though based on a few collections it seems evident 
that structural differences in the entities involved 
are coordinated well with geographic placement. 
Conceivably some intermixing may have or 
still does occur between the aforementioned 
populations. 


Allothrips watsoni acuta new subspecies 


FEMALE: Size——Distended, about 1.5 mm. 
Color—As in Allothrips watsoni mexicana, except 
tube always brown. Head.—Longer than wide by 
a ratio of about 7 to 6. Setae—Cheek setae al- 
ways pointed; mid pair of dorsal posterior protho- 
racic setae pointed. Mid pair of dorsal posterior 
setae of abdominal segment IX usually pointed and 
longer than tube, rarely dilated and shorter than 
tube. Lateral pair of dorsal posterior setae of ab- 
dominal segment IX pointed. 

MALE: Size——Distended, nearly 1.1 mm. Simi- 
lar to female. In the single specimen examined, 
the mid dorsal pair of setae of abdominal segment 
IX are dilated and shorter than the tube. 

HoLoTyPE.—Female; Taxco el Viejo, Gro., 
Mexico; November 8, 1946; (F. Bonet); ground 
litter. ALLOTYPE.—Male; same data as for holo- 
type. PARATYPES—30 9; same data as for 
holotype. 

ADDITIONAL RECORDS.—3 9 ; Huajojutla, Gro., 
Mexico; August 12, 1946; (F. Bonet); ground 
litter. 19; Acatlipa, Mor., Mexico; August 10, 
1946; (F. Bonet) ; ground litter. 

All of the specimens that can be assigned to 
acuta with certainty occur in an area just south of 
Mexico City. Before me are two males, unasso- 
ciated with females from the Yucatan Peninsula. 
Until males of watsoni watsoni are positively de- 
termined by association and compared, I cannot 
surmise whether these Yucatan individuals be- 
long to w. acuta or w. watsoni. They differ 
slightly from the allotype male of acuta. 

This subspecies is but little different from the 
typical subspecies, watsoni watsoni. Normally, 
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in w. acuta the mid dorsal posterior setae of ab- 
dominal segment IX are pointed and longer than 
the tube, whereas in w. watsoni these setae are 
dilated and shorter than the tube. Admittedly 
this difference is slight and does not hold in every 
case. Of the thirty-one females in the types 
series of acuta, three females had one of these 
setae short and dilated and two females had 
both setae of the pair short and dilated. The 
allotype male of w. acuta has the characteristics 
of females of w. watsoni. The subspecies watsoni, 
acuta, and biminiana and the species aurea differ 
from all other North American Allothrips in that 
the mid pair of posterior prothoracic setae are 
pointed, not dilated. 


Allothrips watsoni watsoni Hood 
FIGURE 5 
Alloihrips watsoni Hood, 1939, p. 600, 9. Type locality: 
Monroe Co., Florida, 45-50 miles west of Miami. 

FEMALE: Size—-When completely distended, 
averaging about 1.4mm. Color.—As in Allothrips 
watsoni mexicana except antennal segments II 
and III lighter. Tube always brown. Head. 
Longer than wide by a ratio of about 6 to 5 or 7 
to 6. Setae—Cheek setae always pointed. Mid 
pair of dorsal posterior prothoracic setae pointed. 
Mid pair of dorsal posterior setae of abdominal 
segment IX dilated and shorter than tube. 
Lateral pair of dorsal posterior setae of abdominal 
segment IX pointed. 

MALE: Unknown. 

This subspecies is apparently confined to the 
Greater Antillies and Southern Florida, which in 
many ways is faunistically a part of the Greater 
Antilles. It is most closely related to w. acuta of 
Mexico; the two entities are sometimes almost 
identical in structure. In Allothrips watsoni 
watsoni antennal segment III is lighter in color 
whereas in w. acuta antennal segment III is darker 
brown. Generally w. acuta bears pointed mid 
dorsal setae on abdominal segment IX. These 
setae are dilated in w. watsoni, Fig. 5. 

Before me are two specimens from the Florida 
Keys and two specimens from Haiti, all apterous 
females. These records are: 29 ; Big Pine Key, 
Florida; December 28, 1951; (Richards & Stan- 
nard); dead leaves. One of these females contains 
a fully developed egg within the abdomen. 2 9 ; 
Fond Verretes, Haiti; May 28, 1950; (H. B. 
Mills); ground litter. 


Allothrips watsoni biminiana, new subspecies 
FIGURES 3, 4 


FEMALE: Size.—Distended, about 1.6 mm. 
Color.—Bicolored brown and yellow. Head, an- 
tennal segments, I, II, and III, metathorax, and 
legs, yellow to yellowish brown. Tube bright 
yellow at base, gray at tip. Rest of body and 
antennae brown. Head.—Longer than wide by a 
ratio of about 7 to 6. Setae. Cheek setae 
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Mid pair of dorsal posterior prothoracic 
setae pointed. Mid pair of dorsal posterior 
setae of abdominal segment IX pointed and 
longer than tube. Lateral pair of dorsal posterior 
setae of abdominal segment IX pointed. 

MALE: Unknown. 

HoLotyPE.—Female; South Bimini Island, Ba- 
hamas; May 1951; (Gertsch & Cazier); ground 
litter. PARATYPES.—1 92; same data as for 
holotype. 1 9; same data as for holotype ex- 
cept June, 1951, collected by Cazier & Vaurie. 

This subspecies also has most of the char- 
acteristics of watsoni acuta of Mexico. Typically 
both have all of the setae mentioned under the 
diagnostic characteristics pointed. Allothrips wat- 
soni biminiana differs most conspicuously by the 
bright yellow, instead of brown, tube. 


pointed. 


Allothrips aurea new species 


Unknown. 

MALE: Size.—Distended, about 1.2mm. Color. 

Yellow, except last four antennal segments 
which are dark brown and prothorax and meso- 
thorax which are greyish yellow. Head.—Longer 
than wide by a ratio of about 7 to 5. Sefae. 
Cheek setae always pointed. Mid pair of dorsal 
posterior prothoracic setae pointed. Mid pair 
of dorsal posterior setae of abdominal segment IX 
dilated and shorter than tube length. Lateral 
pair of dorsal posterior setae of abdominal seg- 
ment IX dilated. 

HoLotyPE.— Male; Santa 
fornia; January 27, 1949; (F. Taylor). 

1 o’, same data as for holotype. 

Like nubillicauda this species is predominately 
yellow. Unlike nubillicauda, aurea has pointed 
cheek setae and the mid pair of dorsal posterior 
prothoracic setae are pointed. By this later 
characteristic aurea resembles several subspecies 
of watsont. 

This species is the first 
Allothrips to be found on the West Coast. 
ibly it lives in ground litter. 


FEMALE: 


Cruz Island, Cali- 
PARATYPE. 


representative of 
Poss- 


Allothrips nubillicauda Watson 
FIGURE 1 

Allothrips nubillicauda Watson, 1935, p. 60. 9. oF. 

Type locality: not stated but somewhere in Florida 

or Alabama. 
Allothrips flavus Watson, 1945, p. 35. 
Size.—Distended, slightly over 1.6 
mm. Color.—Predominately golden yellow with 
some brown. Brownish yellow: fore part of 
head; antennal segments I and III; a narrow 
transverse line on the anterior portions and a 
spot on each of the lateral posterior portions of 
abdominal segments III, IV, V, and VI; and 
most of abdominal segments VII, VIII and IX. 
Dark brown: last four antennal segments. Tube 
bright yellow, tipped with grey. Head.—Longer 
than wide by a ratio of 8to6or7to6. Setae. 
Cheek setae generally dilated. Mid pair of 


Noma nudum. 


FEMALE: 
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Schematic indication of the ranges and principal characteristics of the megacephala rassenkreis. Upper 
sketch.—mid posterior prothoracic setae; lower sketch.—dorsum of abdominal segment IX, minor setae omitted. 
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dorsal posterior prothoracic setae dilated. Mid 
pair of dorsal posterior setae of abdominal 
segment IX dilated and shorter than tube. 
Lateral pair of dorsal posterior setae of abdom- 
inal segment IX dilated. 

MALE: Size.—Distended, about 1 mm. Simi- 
lar in most respects to female except abdomen 
with less brown color. 

Originally described from Florida and Alabama, 
this species is now known from many states. 
Before me are 74 slide mounted specimens from 
Arkansas, Florida, [llinois, Missouri, Nebraska, 
North Carolina, Texas, and Virginia. From 
these records it is apparent that nubillicauda 
is typically warm temperate in distribution 
but that it also can survive in some colder 
spots of the mid continent. It is the only North 
American representative of Allothrips which has 
most of the cheek setae dilated at the tips. 


Relationships of the species 
PLATE II 


In the North American Allothrips only two prin- 
cipal distinctive types are apparent. One of 
them, nubillicauda, maintains a relative uni- 
formity of features throughout its range and 
there are no other known close relatives living 
adjacent to it. The other, the megacephala- 


watsoni complex, varies from locality to locality, 
forming a rassenkreis through the United States, 
Mexico and the West Indies. 

This megacephala rassenkreis may be con- 
sidered by starting with megacephala itself. It 
has a dark brown, short head, and all of the 
diagnostic setae, except the cheek setae are mostly 


dilated at the tips. Probably it occurs through- 
out much of what is known as the Eastern 
Deciduous Forest Biome. 

The next relative met with is watsoni mexicana 
which inhabits parts of Mexico north of the 
Isthmus of Tehuantepec, south of the known 
range of megacephala by more than 1200 miles. 
About the only significant changes in w. mexicana 
are in the lengthening of the head, the color of 
the head and antennae, and the tendency for the 
lateral pair of dorsal posterior setae of abdominal 
segment IX to become more consistently pointed. 
These changes are mostly tendency changes for in 
either entity there can be found individuals 
which have sme or more of the same characteris- 
tics except head color. 
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Not far to the east of w. mexicana occurs 
watsoni acuta in the central highlands of Mexico 
and possibly into the Yucatan Peninsula and 
this subspecies is changed a step or so farther. 
Typical representatives of w. acuta have all of 
the body setae diagnosed pointed at the tips. 
Now and then, however, specimens are found 
which have the mid pair of dorsal posterior setae 
of abdominal segment IX dilated at the tips. 

In the Greater Antillies and Southern Florida, 
another subspecies, watsoni watsoni, is found 
which has all of the setae considered, except the 
mid pair of abdominal segment IX, pointed. 
Thus w. watsoni is a subspecies that is uniformly 
like the exceptional individuals of w. acuta. 
The isolated Bahama subspecies, w. biminiana, is 
essentially like w. acuta except in the color of 
the tube. Most likely the West Indian Allo- 
thrips, w. watsoni and w. biminiana, were de- 
rived from Mexico or even the Central American 
mainland rather than from Florida or northward. 

Another entity, the Californian Allothrips 
aurea, which is probably an offshoot from this 
circle of related forms, combines features of the 
various groups. It is yellow, somewhat as 
nubillicauda; it has the mid pair of dorsal posterior 
prothoracic setae pointed at the tips as in w. acuta, 
w. watsoni, and w. biminiana; and both major pairs 
of setae on abdominal segment IX are dilated at 
the tips as in some w. mexicana and many mega- 
cephala. 

I suspect that when more Allothrips have been 
collected, especially from Mexico the relationships 
of the populations will be found to be much 
more intricate than suggested here. But that 
is a problem for the future. 
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This paper deals with certain aspects of the 
ecology and life history of tree hole breeding 
mosquitoes in Panama. The data on which the 
observations are based were gathered in the 
course of a study of the mosquito fauna related 
to the transmission of sylvan ( “‘jungle’’ ) yellow 
fever in the area. Our primary interest has been 
the accumulation of basic information on the 
groups of mosquitoes either known or suspected as 
vectors of sylvan yellow fever, as an aid to the 
understanding of the epidemiology of the disease. 
The groups concerned are the genus Haemagogus, 
the subgenus Finlaya of Aedes, and the sabethine 
genus Sabethes. While various other mosquitoes 
which utilize the same tree hole breeding niche 
were taken in the course of the field work, and the 
information on them is included in the tables, the 
discussions concern in the main the groups 
mentioned above. 


Data are summarized and discussed on the 


following points: (1) the geographical distribu- 


tion and frequency of larvae appearing in simu- 
lated tree holes, (2) the comparison of the fre- 
quency with which mosquitoes utilize for breed- 
ing two different types of bamboo sections used 
to simulate tree holes, (3) the comparison of the 
frequency with which breeding sites near the 
ground are used as contrasted with sites in the 
forest canopy, (4) the characteristics of the 
delay in egg hatching, (5) the comparative egg 
productivity of the different species, (6) the time 
for development of the immature stages. 

The locations and descriptions of the stations at 
which the field work was carried out are given in 
previous papers (Galindo, Carpenter and Trapido, 
1951; and Trapido, Galindo and Carpenter, 1955). 
The field work was done during the rainy season 
of 1950, i.e., the period from May through De- 
cember of that year, while the laboratory observa- 
tions are in part based on field work done in 1949. 
In the discussion of the geographical distribution 
and frequency of larvae, reference is made to the 
concurrent adult collections reported in Trapido, 
Galindo and Carpenter, 1955. The classification 
scheme and the specific names used conform to 
the recent monograph of Lane (1953) on the 
neotropical Culicidae. 


1Studies on the Forest Mosquitoes of Panama. VIII. 
Costs of publication are paid by the Gorgas Memorial 
Laboratory. 
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FIELD METHODS 


The method of setting out sections of bamboo 
partially filled with water to simulate natural 
tree holes has been used by various investigators 
in the past, and is also described in a previous 
paper in this series (Galindo, Carpenter and 
Trapido, 1951). In brief, cut sections of bam- 
boo, which we sometimes call “‘bamboo traps,”’ 
were attached to trees, either within six feet of 
the ground, or else to the tree trunks at some 
height. The latter were located in trees which 
had incidentally been provided with semi- 
permanent ladders for the routine capture of 
mosquitoes approaching to bite human baits in 
the canopy, as part of'the study of this specialized 
fauna. Bamboos of two sorts were used: one 
group with the tops open; and another with the 
tops covered, but with a hole about half inch in 
diameter drilled in the side near the top. The 
water in the bamboos was examined each week. 
Any larvae present were brought into the labora- 
tory, and the water returned to the bamboo section 
with water added when necessary. 


DISTRIBUTION AND FREQUENCY OF THE SPECIES 


Table I summarizes the data from the field 
collections, showing the species of which larvae 
were taken and their numbers and frequency at 
the various stations. 

Of the Haemagogus present, equinus Theobald 
and lucifer (Howard, Dyar and Knab), common 
forest species, were most abundant. These were 
not taken as larvae, however, in the Chiriqui 
highlands, but their absence there is an accurate 
reflection of the very small numbers appearing as 
adults at elevations above 3,500 feet. Neither 
in the extensive work on Haemagogus spegaz- 
zinit falco Kumm et al., in Colombia, where the 
species is very common, nor in Panama, where 
it is less so, have breeding places been found with 
larvae present in numbers in any way commen- 
surate with the adult populations. But the very 
small number of larvae taken in this study (four) 
is to some degree deceptive, for as will be shown 
later in this paper (see Tables III and IV), the 
eggs of this species hatch only after prolonged 
drying and repeated flooding. 

The difference in habitat predilection between 
the morphologically closely related Haemagogus 
lucifer (Howard, Dyar and Knab) and argyromeris 
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SPECIES 


Larvae 
Times Taken 


Times Taken 
Times Taken 
Number of 

Times Taken 
Times Taken 
Times Taken 


Times Taken 


| Number of 


Tribe Culicini 
Haemagogus s pegazzinii 
falco Kumm et al. 
Haemagogus equinus 
Theobald 
Haemagogus lucifer (H., D. 
and K.) 
Haemagogus argyromeris 
Dyar and Ludlow 
Haemagogus sp | 
Aedes leucocelaenus clarki | 
G., C. and T | 6 
Aedes leucotaeniatus Komp| 13 
Aedes terrens (Walker) 133 
Culex mollis Dyarand Knab| 44 
Culex corniger Theobald. 
Culex virgultus Theobald. || 
Culexnigripal pus Theobald| l 
Culex urichii (Coquillett) 68 
Culex secundus Bonne- | 
Wepster and Bonne 
Culex bihaicolus Dyar and | 
Nunez-Tovar | 
Culex conservator Dyar and] 
Knab 
Culex corrigani Dyar and 
Knab 
Culex restrictor Dyar and 
Knab 
Culex browni Komp 
Culex vexillifer Komp. 
Culex pinarocampa Dyar 
and Knab 
Culex erethyzonfer Galindo 
and Blanton 
Culex (Culex) sp 
Ortho podom yia 
fascipes (Coq.) 
Toxorhynchites theobaldi 
(Dyar and Knab) 
Toxorhynchites sp 








Tribe Sabethini 
Trichoprosopon digitatum 
(Rondani) 
Wyeomyia aporonoma 
Dyar and Knab 
Limatus durhamii Theobald 
Limatus assuleptus Theo- 
bald 
Sabethes cyaneus 
(Fabricius) 
Sabethes chloro pterus 
(Humboldt) 


Tribe Anophelini 
Anopheles eiseni Coquillett} 
Anopheles neivai 


H., D. and K 





Unidentified larvae 


TOTAL 1,099 6,260 1,049 
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Dyar and Ludlow is brought out by the collec- 
tions from the bamboo traps; lucifer was abundant 
in primary rain forest and less common in de- 
ciduous forest or second growth, while the con- 
verse is true of argyromeris. Thus while argy- 
romeris was taken most abundantly in the rela- 
tively open deciduous forest at Campanita which 
lies in the rain shadow of Cerro Campana, 
lucifer was taken there only once. Contrariwise, 
at La Victoria and Ft. Sherman, where the condi- 
tions of true tropical rain forest are approached, 
lucifer was common while argyromeris was rare. 

The commonest of the tree hole breeding Aedes 
of the subgenus Finlaya was the species ferrens 
(Walker). This was true of individuals taken as 
adults attacking man as well for the larvae from 
the bamboo collections. Both adults and larvae 
became more abundant at elevations of 2,000 
feet or more, as appears on comparison of the 
collections from Campanita (200’ to 400’) and 
Campana (2,000’), as well as the Chiriqui lowland 
and highland collections. The correspondence 
between adult and larval collections of Aedes 
leucocelaenus clarki Galindo, Carpenter and Tra- 
pido and Aedes leucotaeniatus Komp was not 
good. In the adult captures leucocelaenus clarki 
was about twice as common as was leucotaeniatus, 
while in the larval collections almost nine times 
as many Jeucotaeniatus were taken as were 
leucocelaenus clarki. In the western Panama 


province of Chiriqui neither of these was present 


in the larval collections, although small numbers 
of both species were captured here as adults. 

Of all the larvae taken (14,122), slightly more 
than half were representatives of the genus 
Culex (7,807). The numbers of larvae of this 
genus were in no way reflected in the concurrent 
diurnal collections of adults of which less than 60 
Culex were taken among the 72,211 mosquitoes 
collected (Trapido, Galindo and Carpenter, 1955). 
This disparity is due to the fact that with the 
exception of the subgenus Carollia the species 
are night flyers, and with the exception of Culex 
mollis Dyar and Knab they do not attack man. 
Culex pinarocampa Dyar and Knab and restrictor 
Dyar and Knab are here reported from Panama 
for the first time, both having been described from 
Mexico. The first mentioned, of which only one 
specimen was taken, is accidental in the collec- 
tions as the species normally breeds in the water 
accumulations in the leaves of the agave-like 
plant Furcraea where we have taken it in some 
numbers. The recently described Culex erethy- 
zonfer Galindo and Blanton (1954) which ordinar- 
ily breeds in epiphytic bromeliads is also acci- 
dental in these collections. 

As we had observed in our previous study 
(Galindo, Carpenter and Trapido, 1951), the 
numbers of larvae of Sabethes appearing in bamboo 
traps were not well correlated with the concurrent 
captures of adults attacking man. Sabethes 
chloropterus (Humboldt) appeared a little more 
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than nine times as frequently as Sabethes cyaneus 
(Fabricius) in the adult captures, while con- 
versely cyaneus was three and a half times as 
abundant as chloropterus in the larval collections. 
Bamboo traps of the sort used by us appear not 
to be particularly favored as oviposition sites for 
chloropterus, at least when there is a choice of 
natural tree holes available. A third species of 
this genus, Sabethes tarsopus Dyar and Knab, 
which was twice as common as cyaneus in the 
adult captures did not appear at all in the larval 
collections. In our previous study only a single 
larva of this species had been taken. 


COLLECTIONS FROM TWO TYPES OF 
BAMBOO TRAPS 


COMPARATIVE 


While bamboo traps with both open and closed 
tops were set out at various of the stations near 
the ground and in the forest canopy, only the 
collections made at Cerro La Victoria were under 
daily supervision, and thus only the data from 
these stations have been used in compiling the 
percentages recorded in Table II. At these 
stations there were more open top traps (42) 
than covered ones (18), and in calculating the 
percentages of each species taken in the open top 
traps a corresponding correction factor was ap- 
plied to the data. Too few larvae of certain of 
the species were taken to give significant percent- 
ages, but the data are sufficient to show that most 
of the species used the open top bamboos in 
preference to those with closed tops. The 
marked exceptions appear in the cases of Sabethes 
cyaneus and chloropterus. Both of these appeared 
less than ten percent of the time in the open top 
traps, the bulk of the specimens coming from 
closed top traps. These results confirm those of 
our previous study (Galindo, Carpenter and 
Trapido, 1951). The closed top traps with a 
small side hole approximate the sort of tree cavity 
in which a small opening gives entrance to a 
relatively large flask-shaped rot hole. An im- 
portant characteristic of cavities of this sort is 
the fact that the contained water is less subject 
to evaporation than is the case in cavities with 
large openings exposed to sun and wind. We 
have previously shown (Galindo, Trapido and 
Carpenter, 1950) that Sabethes chloropterus and 
cyaneus, whose eggs do not withstand desiccation 
as do those of Haemagogus, persisted as adults 
during the dry season months while the Haema- 
gogus all but disappear. The strongly marked 
preference shown by Sabethes for utilizing water 
accumulations accessible only through small en- 
trance holes may thus be the device by which 
these mosquitoes find the water necessary to 
maintain their breeding cycle during the un- 
favorable dry season. 


BAMBOO TRAPS 
LEVELS 


COMPARATIVE COLLECTIONS FROM 
AT GROUND AND CANOPY 


The comparisons of the collections of larvae 





1955] Galindo et al.: 
from bamboo traps located near the ground and 
in the canopy are shown as. percentages in Table 
II. 

As noted previously, the numbers of Haemaogo- 
gus spegazzinii falco taken as larvae are never 
commensurate with the adult population. Only 
four larvae were taken in the present study, all 
in bamboos hung in the canopy. The adults 
also are predominantly taken in the canopy. At 
the opposite extreme for Haemagogus we find 
argyromeris which is not an inhabitant of the 
deep forest, and all the larvae of this species ap- 
peared in bamboos located near the ground. In 
concurrent collections of adults over 90 percent 
were taken at ground level. Haemagogus equinus 
and lucifer which are intermediate in vertical dis- 
tribution as adults were also intermediate with 
regard to the sites from which larvae were taken. 
Of the Aedes (Finlaya) the most arboreal species 
was leucocelaenus clarki with slightly more than 
half the larvae being taken in traps in the canopy. 
Aedes leucotaeniatus utilized almost entirely the 
traps near the ground. These data are in ac- 
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cord with the adult stratification; leucotaeniatus 
being taken predominantly on the ground and 
leucocelaenus clarki being more arboreal. The 
correspondence between adult and larval collec- 
tions in Sabethes was also positive; both chlorop- 
terus and cyaneus were predominantly arboreal as 
adults and also as larvae in bamboos. 


DELAYED HATCHING 


Tables III and IV summarize the data illustrat- 
ing the delay in hatching of certain of the tree 
hole breeding mosquitoes with eggs which resist 
desiccation. In Table III are given the data on 
bamboo sections which had been exposed in the 
field during 1949 and which were brought into 
the laboratory in February 1950. These bamboos 
were stored without water in the laboratory and 
subsequently flooded at the one to two month 
intervals shown in the table. The bamboos ex- 
posed in the field during 1950 were brought into 
the laboratory in December of that year and 
similarly treated during 1951 (Table IV). Dur- 
ing 1951 the bamboos were flooded at somewhat 


TABLE II 


LARVAE OBTAINED IN BAMBOO TRAPS AT CERRO LA VICTORIA STATIONS 
(May through December, 1950) 


Tora 


SPECIES 


Times 


Taken 


Tribe Culicini 
Haemagogus s pegazzinii falco Kumm et al 
Haemagogus equinus Theobald 
Haemagogus lucifer (H., D. and K.) 
Haemagogus argyromeris Dyar and Ludlow. 
Aedes leucocelaenus clarki G., C. and T 
Aedes leucotaeniatus Komp 
Aedes terrens (Walker) 
ulex mollis Dyar and Knab 
ulex nigripalpus Theobald 
ulex urichii (Coquillett) 
‘ulex secundus B.—W. and B 
‘ulex bihaicolus Dyar and Nunez-Tovar. 
‘ulex conservator Dyar and Knab 
Culex corrigani Dyar and Knab 
Culex vexillifer Komp 
Ortho podomyia fascipes (Coquillett) 
Toxorhynchites theobaldi (D. and K.) 


Tribe Sabethini 
Trichoprosopon digitatum (Roudani). 
Wyeomyia aporonoma Dyar and Knab 
Limatus durhamii Theobald 
Limatus assuleptus Theobald 
Sabethes cyaneus (Fabricius).. 
Sabethes chloropterus (Humboldt) 


Tribe Anophelini 
Anopheles eiseni Coquillett 


2,296 


Number of 
Larvae 


PERCENT IN 
Canopy TRAPS 


PERCENT IN 
OpEN Top TRaps 


Number of 
Larvae 


Times 
Taken 


um ber of 


Times 


Taken 


sarvae 


100.0 
73.4 
59.6 
100 
51 
100 
80. ¢ 
69.7 
100 
59 


66 
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shorter intervals as will be seen on comparison 
of the two tables. In all cases water was per- 
mitted to stand in the reflooded bamboos for 24 
to 48 hours. 

It is well known (Bates, 1949) that substances 
added to the water which reduce the oxygen 
content enhance the hatching of aedine eggs. 
Thus had these bamboos been flooded with a 
a yeast infusion more complete hatching on 
early flooding probably would have been obtained. 
In these experiments, however, we attempted to 
simulate natural events as they happen in the 
field. In these trials the organic matter which 
accumulated in the bamboo sections was the 
means by which the reduction of oxygen content 
was produced, as it is in the field. The data 
from the two sets of bamboos, exposed and 
flooded in succeeding years are in general agree- 


TABLE III 


DISTRIBUTION OF DELAYED HATCHING OF LARVAE IN 24 
BAMBOO TRAPS EXPOSED IN THE FIELD DURING 1949, 
AND FLOODED AT INTERVALS IN THE LABORATORY 
DurRinG 1950 


elaenus 


DATES 
FLOODED 


No. of 
FLOODING 


Haemagogus 
argyromeris 
teucolaeniatus 


Aedes 


Aedes 
lerrens 


6th 


Toral 


ment, though minor differences do appear. 
While it has been suggested that the variations in 
hatching rate may be due to any of several 
factors, including seasonal differences, strain dif- 
ferences, and even differences in the eggs of in- 
dividual females (Hovanitz, 1946), the most ob- 
vious difference which might occur in the field 
and in this experiment would be the variation in 
the extent to which the oxygen content of the 
water had been reduced. Hovanitz (1946) also 
demonstrated species differences in egg hatching 
of Haemagogus, and it is this intrinsic difference 
between species which is clearly brought out by 
our data. 

We may first note that in all cases in which a 
substantial number of eggs was present, the 
hatching was distributed over more than one 
flooding. The second noteworthy point is that 
there were two consistent patterns of hatching, 
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but with certain of the species intermediate. 
One pattern is best. illustrated by Haemagogus 
equinus, a species in which there is substantial 
hatching on the first and succeeding floodings un- 
til all the viable eggs have produced larvae. In 
1950 larvae appeared after each of the first four 
floodings covering a period of five months, while 
in 1951 the hatching was consistent through the 
tenth flooding up to seven months after the bam- 
boos had been brought into the laboratory. The 
second pattern is illustrated by Haemagogus 
Spegazzinii falco. In the case of this species, 
there was no hatching on the first or second 


TABLE IV 


DISTRIBUTION OF DELAYED HATCHING OF LARVAE IN 62 
BAMBOO TRAPS EXPOSED IN THE FIELD DuRING 1950, 
AND FLOODED AT INTERVALS IN THE LABORATORY 

DuRING 1951. 


No. OF 
FLOODING 


Haemagogus 
argyromeris 
se ptemstriatus 


Haemagogus 


lucifer 


Haemagogus 


spegazzinii falco 


Aedes 
leucotaeniatus 
Aedes 


leucocelaenus clarki 
terrens 
Aedes 


equinus 


| 
| 


8th. 


9th 


10th. 


lith. 


Total 





flooding in either 1950 or 1951. The first hatch- 
ing did not occur until the third flooding, and in 
1951 larvae continued hatching through the 
tenth flooding. The consequences of these di- 
vergent hatching patterns are reflected in the an- 
nual abundance cycle of adults, for as we have 
previously shown (Galindo, Trapido and Car- 
penter, 1950) adults of Haemagogus equinus 
quickly reach a peak after the beginning of the 
rainy season, while the appearance of spegasz- 
zinit falco is delayed, and the peak is not reached 
until several months after the beginning of the 
rains in May. Haemagogus lucifer follows the 
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equinus pattern with hatching on the first flooding. 
Haemagogus argyromeris is intermediate between 
equinus and falco in that the first hatching oc- 
curred in both years on the second flooding. 
The results obtained in the case of Aedes leuco- 
celeanus clarki and Aedes leucotaeniatus are less 
consistent, but this may well be due to the very 
small numbers of these species appearing in the 
1950 floodings. 

As the eggs of the various species were distrib- 
uted at random through the various bamboos, it 
follows that the external stimuli for hatching 
were also at random. The distinctive hatching 
pattern of Haemagogus spegazzinii falco as con- 
trasted with equinus and lucifer is thus clearly a 
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great in equinus (17.9) as in spegazzinii falco 
(9.7). Haemagogus lucifer and argyromeris ovi- 
posit less readily in the laboratory, while chal- 
cospilans Dyar only rarely will deposit eggs in 
vials. The species of Aedes held in this manner 
varied in their egg production from an average of 
10.5 for leucotaeniatus to 53.5 for septemstriatus 
Dyar and Knab. Among the sabethines, Sa- 
bethes chloropterus oviposited most readily in the 
laboratory, with an average of 23.3 eggs per 
oviposition. Sabethes tarsopus seldom laid eggs, 
and the number of eggs per oviposition was small 
(2.5 average). Approximately one quarter of the 
Sabethes cyaneus and Trichoprosopon magnus 
(Theobald) laid eggs, and the average numbers 


TABLE V 


EGG PRODUCTIVITY OF Forest MosouritroEs UNDER LABORATORY CONDITIONS 


ENGORDED 


FEMALES 


| 

| 

° | 

NUMBER OF 

| 

SPECIES | 
| 


Haemagogus equinus Theobald 
Haemagogus s pegazzinii falco Kumm et al 
Haemagogus lucifer (H., D. and K.) 
Haemagogus argyromeris D. and L 
Haemagogus chalcospilans Dyar 

Aedes leucotaeniatus Komp 
Aedes leucocelaenus clarki G., ( 
Aedes terrens (Walker) 

Aedes septemstriatus Dyar and Knab 


>. and T 


Aedes quadrivittatus (Coquillett) 
Sabethes chloropterus (Humboldt) 
Sabethes tarsopus Dyar and Knab 
Sabethes cyaneus (Fabricius) 
Trichoprosopon magnus (Theobald) 


reflection of intrinsic physiological differences be- 
tween species in response to the external hatching 
stimulus. 


EGG PRODUCTIVITY 

Numbers of females which were taken in the 
field were permitted to feed on the collectors, 
and then confined in glass vials (25 x 80 mm.). 
The bottoms of the vials were provided with a 
moist cotton pad covered with a filter paper disk, 
and the vials were stoppered with gauze covered 
cotton plugs. The mosquitoes confined in this 
manner were given supplemental nutrition by 
moistening the cotton stopper with sugar solution. 
The vials were held until the mosquitoes died, 
when the numbers of eggs deposited on the moist 
filter paper disks were recorded. In Table V 
are summarized the data showing the number of 
eggs laid, and the average number of eggs per 
oviposition. 

It will be seen from this table that Haemagogus 
equinus and Haemagogus spegazzinii falco ovi- 
posit readily under these conditions, but that the 
number of eggs per oviposition was almost twice as 
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of eggs produced was almost the same for the 
species, cyaneus, 29.5 and magnus, 29.1. 


DURATION OF IMMATURE STAGES 


Records were kept on the time necessary for 
the development from egg to adult of nine species 
from which eggs had been obtained in the labora- 
tory from wild caught females. In the case of the 
Haemagogus and Aedes (Finlaya), which undergo 
a dormant period in the egg stage, the eggs which 
had been deposited on moist filter paper disks 
in vials, were stored in covered petri dishes. 
While the eggs of these species resist desiccation, 
if they are permitted to dry out completely a 
substantial percentage collapse and do _ not 
hatch on subsequent flooding. The eggs were 
therefore kept slightly moist during the matura- 
tion period. After ripening for not less than two 
weeks, the filter papers with attached eggs were 
submerged in tap water to which yeast had been 
added. The yeast infusion favors hatching by 
lowering the oxygen content of the water (Bates, 
1949). In the case of the sabethine eggs which 
do not undergo a dormant period, the filter 
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papers with eggs were submerged in the yeast in- 
fusion a day or two after they were laid. Larvae 
which hatched were permitted to develop in small 
(15 cm. diameter) enamel pans. They were fed 
yeast mixed into the water, and ground dog bis- 
cuit. The pans were sheltered from the sun on an 
open porch at the laboratory and were thus sub- 
ject to out-door environment temperatures ex- 
perienced in Panama City. Temperature readings 
of water in pans under these conditions range from 
23.5° to 28.5° C with an average of about 25.5° C. 

The summary of the information obtained in 
this way is givenin Table VI. The most rapidly 
developing species was Haemagous equinus with a 
mean of 11.2 days and a minimum of nine days. 
This result confirms that of Hovanitz (1946) 
who also found equinus to be the most rapidly 
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The three Aedes (Finlaya) species, leucocelaenus 
clarki, leucotaeniatus and terrens all completed 
their mean development period within three days 
of one another (12.5 to 15.5 days). The three 
sabethines were much slower and more erratic in 
development, with mean development periods of 
from 25.9 to 30.6 days. Sabethes chloropterus and 
cyaneus demonstrated a particularly wide spread 
in the minimum and maximum time for the 
emergence of adults, from 18 to 50 days in the 
case of the former and 20 to 55 days in the case 
of the latter. The long period necessary for the 
development of Sabethes chloropterus together with 
the wide spread between minimum and maximum 
times may provide further explanation for the 
persistence of this species through the dry season 
previously discussed in this paper. 


TABLE VI 


NUMBER OF 
OBSERVATIONS 


SPECIES 


Haemagogus equinus Theobald 
Haemagogus spegazzinii falco Kumm et al 
Haemagogus lucifer (H., D. and K.) 
Ledzs leucocelaenus clarki G., C. and T 

1 edes leucotaeniatus Komp 

Aedes terrens (Walker) 

Trichoprosopon magnus (Theobald) 
Sabethes chloropterus (Humboldt) 
Sabethes cyaneus (Fabricius) 





To ADULT EMERGENCE 


Minimum | Mez Maximum 








developing species studied by him in Colombia, 
the species compared being H. spegazzinii falco, 
H. splendens Williston and H. lucifer. While 
Hovanitz reports development in as little as 
seven days at similar temperatures (25—27° C) 
we have also had emergence in as short a period 
as this in experiments other than those included 
in our table. The other two Haemagogus studied 
by us, lucifer and spegazzinii falco, had the same 
minimum (12 days) and maximum (19 days) 
but slightly different means (13.4 and 14.8 days 
respectively). The order of the development of 
these two species is the converse of that reported 
by Hovanitz who found lucifer to be the least 
rapidly developing species. Hovanitz had, how- 
ever, relatively few observations on lucifer. 
Bates (1947), who made experiments with H. 
spegazzinit falco at several different temperatures, 
obtained average development times of from 12.5 
days at 30° C to 26 days at 20°C. The average 
development time he reports for the immature 
stages at room temperature, with a mean of 
25.5° C, which was almost exactly that experi- 
enced in our experiments, was 15.0 days, which is 
very close to that obtained by us, 14.8 days. 
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THE EFFECT OF DDT ON THE ACTIVITY OF CYTOCHROME OXIDASE! 
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Sacktor (1950) studied the cytochrome oxidase 
activity of DDT-sensitive and DDT-resistant 
house flies and found that the resistant strain 
had a greater oxidase activity than the normal 
strain. He suggested that the resistance of 
this insect to DDT may be due to a greater 
cytochrome oxidase activity. Sacktor (1951) 
observed that pupae of DDT-tesistant house flies 
had twice the cyanide insensitive respiration of 
the normal, and that DDT-resistant pupae had 
less cytochrome oxidase activity than the normal, 
except immediately before adult emergence. 
Since cytochrome oxidase is cyanide sensitive, 
Sacktor suggested that the resistant pupae may 
by-pass the cytochrome system. These observa- 
tions suggest that DDT may poison the insect 
through its effect on cytochrome oxidase. 

Very little experimental evidence is available to 
show the effect of DDT on the activity of en- 
zyme systems. Johnston (1951) using a mano- 
metric method, obtained 70 to 90 percent inhibi- 
tion of the succinoxidase system of rat heart 
muscle with DDT in 10 molar concentration. 
This inhibition could also be shown for cyto- 
chrome oxidase but not for succinic dehydrog- 
enase. Morrison and Brown (1954), also using 
a manometric technique, obtained inhibition of 
the cytechrome oxidase of the cockroach (Peri- 
planeta americana) muscle. In their experi- 
ments, oxygen consumption began to decrease 
after 50 minutes with 10°* molar DDT, and 
the inhibition became complete after 100 minutes. 

The purpose of the present experiments was to 
determine the effect of different concentrations 
of DDT on the activity of cytochrome oxidase 
using both spectrophotometric and manometric 
procedures. They were performed on homog- 
enates of mealworm (Tenebrio molitor) larvae, 
and on homogenates of isolated leg muscles 
of the cockroach, P. americana. 


MATERIAL AND METHODS 


The activity of cytochrome oxidase was 
determined on larvae of the mealworm by the 
spectrophotometric method of Cooperstein and 
Lazarow (1951). The mealworms were ob- 
tained from a culture which was maintained in 
the laboratory at room temperature and which 
contained insects in various stages of development. 
'This work was supported in part by the Medical Re- 
search and Development Board, Office of the Surgeon 
General, Department of the Army, under Contract No. 
DA-49-007-M D-444. 


Most of the larvae (90 percent) used in the 
experiments weighed between 90 and 200 milli- 
grams, and none of them weighed less than 50 
milligrams. In all experiments reported in this 
paper, the insects were homogenized in 0.03 molar 
phosphate buffer adjusted to a pH of 7.4. All 
readings were made on homogenates in a final 
dilution of 1: 1,000 with a Beckman DU spectro- 
photometer at a wave length of 550 mu. They 
were made at | minute intervals for a period of 5 
minutes. Calculations of enzyme activity were 
made using the formula of Cooperstein and 
Lazarow, and the activity values are expressed 
as A log [Cy Fe**] per minute. 

Suspensions of DDT (E. and A. Reagent 
Grade) were prepared so that the final concentra- 
tions in the Beckman cuvette were 107' and 
10°* molar.2, The 10-* molar DDT was prepared 
by dissolving the DDT in 5 ml. of absolute ethyl] 
alcohol and then adding this solution to 95 ml. 
of the phosphate buffer. Since determinations of 
cytochrome oxidase acivity were made using 
0.5 ml. of homogenate and 2.5 ml. of cytochrome 
c in the cuvette, the DDT-phosphate buffer 
suspension was prepared with 6x 10-4 molar 
DDT. The insect was homogenized and allowed 
to stand for varying periods of time in this 
concentration. The 6x 107% molar DDT was 
prepared by dissolving the DDT in 10 ml. of 
alcohol and then adding the solution to 90 ml. 
of phosphate buffer. In these experiments, 
the final concentration of DDT in the cuvette 
was 10% molar. Control readings for both 
series were made on homegenates prepared in 
buffer alone, and in buffer containing alcohol. 

The experiments on cockroach muscle were 
performed with the leg muscles of adult females. 
The muscles were weighed and then homog- 
enized in phosphate buffer and diluted so that 
the final concentration in the cuvette was 1: 
10,000. All readings on the activity of cyto- 
chrome oxidase were made spectrophotometrically 
at this concentration. Each specimen furnished 
muscles for 3 readings: one in phosphate buffer, 
another in buffer containing alcohol, and the 
third in buffer containing alcohol and DDT. 

The effects of DDT on the activity of cyto- 
chrome oxidase of mealworm homogenates were 
also studied manometrically by the method of 
Schneider and Potter (1943) using Warburg 


*Suggestions for the preparation of the DDT suspen- 
sions were obtained from Dr. Bertram Sacktor, Army 
Chemical Center, Maryland. 
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constant volume manometers. In this experi- 
ment, the final concentration of DDT in the 
Warburg flasks was 107° molar. The prepara- 
tion of the DDT suspension and the general 
method for setting up this experiment are given 
by Morrison and Brown (1954). In one group 
of experiments, 1 ml. of a 1 percent homogenate; 
and in another group, 1 ml. of a 10 percent 
homogenate was used for each determination. 
Homogenates from the same insect were used 
with and without DDT. In some experiments, 
the solvents with DDT were placed in the side 
arms of the flasks and later tipped into the 
reaction moat according to the procedure out- 
lined by Morrison and Brown. In other experi- 
ments, the solvents containing DDT were 
added immediately to the homogenate and read- 
ings started after an equilibration period of 15 
minutes. All readings were made at 10-minute 
intervals for a period of 2 hours. Temperature 
was controlled at 30+0.01C. The homog- 
enates were rocked horizontally 100 times a 
minute. 

The effects of DDT on the oxygen consumption 
of mealworm homogenates were studied with 
different concentrations of homogenate, with and 
without added substrates. In these experiments, 
the final contration of DDT was 107 molar 
and the homogenates were used in final concentra- 
trations of 1, 5, and 10 percent. 

In determining the oxygen consumption of 1 
percent homogenate, a series of Warburg flasks 
contained the following: 
of 4 per rcent homogenate, 
of M/2 molar sodium succinate, 


of 2.4 x 10-4 molar cytochrome c, 
of 5 percent alcohol. 


0.75 ml. 
0.75 ml. 
0.75 ml. 
0.75 ml. 


Another series of flasks was prepared in the same 
manner except that the alcohol contained 4 x 107% 
molar DDT. The oxygen consumption of 5 
percent homogenate was determined with 0.75 
ml. of 20 percent homogenate. In other respects, 
the experiments were identical with the series 
just described. The 10 percent homogenate was 
prepared in phosphate buffer containing 5 percent 
alcohol in one series, and in phosphate buffer 
with DDT dissolved in 5 percent alcohol in the 
second series. 


OBSERVATIONS 


The normal activity of cytochrome oxidase in 
homogenates of mealworm larvae was found to 
be extremely variable. For this reason, each 
group of experiments included a minimum of 2: 
determinations. Furthermore, in most instances 
the effects of incubation of the homogenate 
with DDT were determined on the same homog- 
enate, samples of the mixture being used at 
different periods of time after the insect was 
homogenized in the DDT-phosphate buffer. 

The effects of DDT on the activity of cyto- 
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chrome oxidase of the mealworm are shown in 
Table 1. In this table (and also in Table 2) the 
homogenate made in phosphate buffer alone is 
listed as ‘homogenate’, and the control prepared 
in phosphate buffer containing 5 percent alcohol 
is listed as “homogenate in 5% alcohol”. A 
similar method is used for listing the controls 
containing 10 percent alcohol. The normal 
activity of cytochrome oxidase was not signi- 


TABLE I 


ErFrect oF DDT On THE ACTIVITY OF CYTOCHROME OXIDASE 
IN THE ME ALWORM 


| 

| No. | Activity oF 
oF | ENZYME 
Tests] A Loc 

(Cy Fe**]/min. 
er (with standard 


DEGREE OF 
INHIBITION 


CONDITION OF EXPERIMENT 


| 
| 
| 
| 
| 
| 
errors) 


Reading made immediately, homogenate kept in ice-bath 


0.110+0.002 
0.093 +0.007 


| 
Homogenate 
| 
| 
| 0.087+0.007 


Homogenate in 5% alcohol 
Homogenate in 5% alcohol 
with 1074 molar DDT 





Readings made immediately, homogenization at room temperature 


| 
ee 
Homogenate |} 28 | 
Homogenate in 10% alcohol 25 
2 
| 


| 
28 0.095+0.007 
0.106+0.008 
0.078+0.006 26.2% 


(significant *) 


Homogenate in 10% alcohol.| 28 
with 107% molar DDT | 


Readings made after 1 hour at room temperature 


" | 0.093 +0. 006 
0.087+0.005 | 
0.102+0.010 


Homogenate 
Homogenate in 5° alcohol. | 
Homogenate in 5% alcohol 
with 1074 molar DDT 


0.084+0.004 
0.048+0.005 42.8 
(significant) 


Homogenate in 10% alcohol 32 


| 
| 
Homogenate in 10% alcohol | 3 
with 107 molar DDT 


i 
ii 
2 | 


! ' 


Readings made after 1.5 hours at room h Ceanperndene 


0.090+0.007 
0.072+0 009 | 20.0°, 
(not significant ) 


| 

| 
Homogenate in 5% alcohol 41 | 
Homogenate in 5“ alcohol 38 | 
with 1074 molar DDT | 


Readings made after 2 hours at room temperature 


| 


Homogenate | 
Homogenate in 5% alcohol 


29 0.094+0.009 
29 | 0.089+0.007 
0.064+0.007 28.1% 

(significant) 


1 
Homogenate in 5% alcohol 38 
with 1074 molar DDT | 





0.075+0.006 
0.026+0.004 


Homogenate in 10% alcohol 43 
Homogenate in 10% alcohol.| 32 
with 1073 molar DDT 


65.3% 
| | (significant) 





| | 


*Differenc se between means ee 


- Standard error of difference 
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ficantly different when the insect was homog- 
enized in ice-cold buffer and kept in an ice- 
bath prior to the determinations than when the 
homogenization was carried out at room tempera- 
ture. Furthermore, storing the homogenate at 
room temperature for periods up to 2 hours 
did not change enzyme activity. The figures in 
Table 1 also show that the addition of ethyl 
alcohol to the phosphate buffer in which the 


TABLE II 


EFFrect oF DDT on THE ACTIVITY OF CYTOCHROME OXIDASE 
IN COCKROACH LEG MuscLE. MuscLes HOMOGENIZED 
AND READINGS MADE AT RooM TEMPERATURE 


DEGREE OF 
INHIBITION 


ACTIVITY OF 
ENZYME 
Z\ Loe 
| [Cy Fe*™*]/Min. 


CONDITION OF EXPERIMENT 


| (with standard 
| 
| 

| 


Readings made immediately 


Homogenate | 0.091+0.009 
Homogenate 5% alcohol |} 6.114+0.014 
Homogenate in 5% alcohol 0.085+0.011 
with 10°*M DDT 

Homogenate 0.167+0.009 
Homogenate in 10% alcohol 0.203 +0.012 
Homogenate in 10% alcohol | 

with 10°3M DDT | 0.141+0.015 


| 


26.0% 


not significant ) 





30.2% 
| (significant) 


Readings made after 1 hour 


0.081+0.009 
0.094+0.009 
0.073+0.011 


Homogenate 

Homogenate in 5% alcohol 
Homogenate in 5% alcohol 22.2% 
with 10°*M DDT 


Homogenate 


(not significant ) 
0.156+0.016 
0.174+0.010 
0.087+0.014 


Homogenate in 10% alcohol 
Homogenate in 10°, alcohol 498° 


with 10°73 M DDT (significant ) 


Readings made after 1.5 hours 


0.069+0.008 
0.077+0.020 | 
0.064+0.010 | 17.4% 

| (not significant ) 


Homogenate 

Homogenate in 5% alcohol 
Homogenate in 5% alcohol 
with 10°4M DDT 
Homogenate 0.151+0.018 
0.152+0.010 
0.052+0.012 


Homogenate in 10°% alcohol 
Homogenate in 10% alcohol 65.7% 


with 1073 M DDT | (significant ) 


Readings made < 


0.061+0.007 


ol ¥ 
Homogenate 
| 0.064+0.007 


Homogenate in 5% alcohol 
19.7% 


(not significant) 


Homogenate in 5% alcohol 0.051+0.007 
with 10-4 M DDT 
Homogenate 


Homogenate in 10°, alcohol 


0.143+0.017 
0.127+0.008 
Homogenate in 10° alcohol 0.036+0.007 
with 10-7 M DDT | 


71.6% 
significant ) 
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insect was homogenized did not change the 
activity values. DDT in 10 molar concentra- 
tion did not produce significant inhibition of 
cytochrome oxidase until after an incubation 
period of 2 hours. However, 10-* molar DDT 
inhibited cytochrome oxidase in all experiments, 
the amount of inhibition increasing with the 
length of time the homogenate in the DDT 
mixture was allowed to stand at room tempera- 
ture. The effects of the higher concentration of 
DDT are shown graphically in FIGURE 1. 

The effects of DDT on the activity of cyto- 
chrome oxidase in the leg muscle of the cock- 
roach are shown in Table 2. The normal ac- 
tivity values were also extremely variable. 


NORMAL 
ZY CONTROL 


> 
e 
= 
(. 
O 
< 
lJ 
2 
>. 
N 
4 
lJ 


FIGURE 1. Effect of 10-* molar DDT on the activity 
of cytochrome oxidase in mealworm homogenates in 
final dilution of 1: 1,000. Activity values expressed as 
A log [Cy Fet**]. Control, activity of homogenate in 
buffer containing 10 percent alcohol; DDT-1, activity 
when readings were made immediately after homogeniza- 
tion in DDT-buffer; DDT-2, activity after 1 hour incuba- 
tion at room temperature; DDT-3, activity after 2 hours 
of incubation at room temperature. 


However, since muscles from the same insect 
were used in each group of determinations 
(phosphate buffer alone, buffer with alcohol, and 
buffer with alcohol and DDT), each series con- 
sisted of only 10 determinations. The muscles 
used in studying the effects of the higher con- 
centration of DDT had a very much higher rate 
of enzyme activity than those used with the 
lower concentration. In this experiment, the 
cytochrome oxidase activity of the homogenate 
without DDT decreased on standing at room 
temperature, but the results were not consistent, 
and the decrease was significant in only 1 series 
(controls for 10-* molar DDT after an incubation 
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period of 2 hours). The addition of ethyl al- 
cohol, or of 10-4 molar DDT in alcohol, did not 
produce significant changes in enzyme activity. 
However, the higher concentration of DDT pro- 
duced significant inhibition in every case. 

No DDT inhibition of cytochrome oxidase ac- 
tivity was obtained manometrically with a 10 per- 
cent mealworm homogenate with added cyto- 
chrome c and sodium ascorbate. The average 
rate of oxygen consumption without DDT over 
a 3 hour period was 2.1 yw liters/min./ml. of 
homogenate; and with 10-* molar DDT, it was 
2.0. 


CU.MM, 0,/ML 


MINUTES 


20 40 60 80 100 120 


FIGURE 2. Effect of 10-* molar DDT on the activity 
of cytochrome oxidase in mealworm homogenates. 
Readings made manometrically. Upper graph, homog- 
enate with sodium ascorbate and cytochrome c; lower 
graph, homogenate with sodium ascorbate, cytochrome 
c, and DDT. 


FIGURE 2 shows the effect of 10-* molar DDT 
on the activity of cytochrome oxidase when 1 ml. 
of 1 percent homogenate was used in the mano- 
meter flask. From the graphs it can be seen that 
with dilute homogenate, the rate of oxygen 
consumption is maintained constant over a 2 
hour period. The total DDT inhibition was 
50.5 percent over this period. The degree of 
inhibition remained relatively constant through- 
out the experiment. No differences were noted 
when the DDT was added directly to the homog- 
enate as compared with its effects when added 
later from the side-arm of the flask. 

In FiGuRE 3 is plotted the effect of DDT on 
the oxygen consumption of mealworm homog- 
enates of different concentrations. To facilitate 
a comparison of results, oxygen consumption is 
plotted per milligram of insect. Over a 2 hour 
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period, with 10 percent homogenate, and with no 
added substrate except alcohol (graph C), the 
respiratory rate averaged 1.08 wu liters of oxygen 
per milligram: with 10-* molar DDT, the cor- 
responding figure was 0.97 (graph C-1); and with 
3x 107% molar DDT, it was 1.03 (not plotted). 
Hence, in this experiment the rate of oxygen 
consumption was not inhibited by DDT. 

In graphs A and B (figure 3) are plotted the 
rates of oxygen consumption of 1 percent and 5 
percent homogenates with the added subtrates, 
cytochrome c, sodium succinate, and alcohol. 
The addition of substrates greatly increased 


MM. O,7MG. 


| 


Gi. 


90 120 


FIGURE 3. Effect of 10-? molar DDT on the oxygen 
consumption of mealworm homogenates. A, 1 percent 
homogenate with sodium succinate and cytochrome c; 
A-1, 1 percent homogenate with sodium succinate, cyto- 
chrome c, and DDT; B, 5 percent homogenate with 
sodium succinate and cytochrome c; B-1, 5 percent homog- 
enate with sodium succinate, cytochrome c, and DDT; 
C, 10 percent homogenate; C-1, 10 percent homogenate 
with DDT. 


oxygen consumption. The totals for 2 hours were 
3.78 uw liters/mg. with 1 percent homogenate; and 
2.95, with 5 percent homogenate. The addition 
of 10-* molar DDT caused an inhibition of 38.2 
percent in the oxygen uptake of the 1 percent 
homogenate (graph A-1); and of 22.9 percent 
with the 5 percent homogenate (graph B-1). 
The graphs in FIGURE 3 show that the shape of 
the rate curves obtained with added substrates 
sodium succinate and cytochrome c depends on 
the concentration of homogenate; with 1 percent 
homogenates, they are straight lines and with 5 
percent homogenates, they show decreasing rates 
with time. Furthermore, in this experiment the 
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addition of substrates stimulated the respiratory 
rate to a greater extent with the 1 percent homog- 
enate than it did with the 5 percent homogenate. 


DISCUSSION 


The variability in the rates of cytochrome oxi- 
dase activity observed in these experiments is in 
agreement with other observations on the ac- 
tivity of this enzyme. Sacktor (1950) reported 
that in the adult house fly, cytochrome oxidase 
activity increases 55 percent during the first 2 
hours after emergence, and 118 percent within 
the first day. Sacktor and Bodenstein (1952) 
using the cockroach, Periplaneta americana, 
showed that different tissues of the same insect 
have different cytochrome oxidase activities. 
They also found that the same kind of tissue in 
different cockroaches may vary considerably. 
They specifically noted a variation in the muscle 
color within the same sex. Those muscles with a 
higher activity were pinker in color. A similar 
observation was made in the present experiments 
with cockroach muscle. 

The inhibition of cytochrome oxidase by DDT, 
obtained both spectrophotometrically and mano- 
metrically, is in general agreement with the mano- 
metric determinations of Johnston (1951), using 
rat heart muscle; and of Morrison and Brown 
(1954), using cockroach leg muscle. However, 
the results reported here are at variance with 
those of Morrison and Brown in certain respects. 
In the present experiments, no initial stimulation 
with DDT was obtained, and the manometric 
determinations showed no increase in the amount 
of inhibition with time. Since the effects of DDT 
on oxygen consumption depend on the concentra- 
tion of homogenate employed, these differences 
may also be associated with homogenate 
concentration differences since those used by 
Morrison and Brown were much more dilute 
than those used in present work. The spectro- 
photometric determinations of cytochrome oxi- 
dase activity in the presence of a high concentra- 
tion of DDT showed increased inhibition the 
longer the homogenate was incubated with DDT 
(Figure 1, and Tables 1 and 2). These obser- 
vations are comparable to those of Morrison and 
Brown made manometrically in which they were 
able to show an inhibition beginning after 50 
minutes and becoming complete after 100 
minutes. 

FIGURE 3 (graph A) shows that the oxygen 
consumption of 1 percent homogenate gives a 
straight line when plotted against time. How- 
ever, graph B shows that with 5 percent homog- 
enate the oxygen consumption decreases with 
time. It appears that in higher concentrations 
of homogenates, the activities of the respiratory 
enzymes are so great that substrate concentration 
decreases rapidly. Graphs C and C-1 are not 
comparable to graphs A and B since neither 
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sodium succinate nor cytochrome c were added 
to the former series. 

The effect of DDT on the rate of oxygen con- 
sumption also varies with homogenate concentra- 
tion. Thus there was no inhibition with 10 per- 
cent homogenate containing cytochrome ¢ and 
sodium ascorbate (data not graphed). With 5 
percent homogenate, containing cytochrome c 
and sodium succinate, the inhibition was 22.9 
percent, and with 1 percent homogenate, it was 
38.2 percent (Figure 3, graphs A and A-1, B and 
B-1). This relationship might be associated with 
a very high concentration (or activity) of cy- 
tochrome oxidase. In 10 percent homogenate, 
the activity of the enzyme might be so high that 
an inhibition of 50 or 60 percent would not reduce 
the rate of oxygen consumption, enough enzyme 
remaining active to maintain a constant rate. 
However, with 1 percent homogenate, the activity 
of cytochrome oxidase appears to approach a 
critical level so that any inhibition appears to be 
immediately reflected in a reduced uptake of 
oxygen. 

The observation that the extent of DDT in- 
hibition depends on the concentration of homog- 
enate (or of enzyme) suggests that the inhibition 
may be irreversible. This type of inhibition was 
described by Ackermann and Potter (1949) for 
the oxalacetate inhibition of succinoxidase; and 
by Bain (1949) for the inhibition of choline 
esterase by diisopropyl fluorophosphate and 
tetraethylpyrophosphate. In the present work, 
the data available are not sufficient to determine 
with certainty whether the inhibition follows 
kinetics of the irreversible type as given by 
Ackermann and Potter. However, a study of 
this problem is now in progress. 

A comparison of graphs A and C in Figure 3 
shows that the addition of substrate, such as 
sodium succinate and cytochrome c, enormously 
speeds the rate of oxygen consumption of meal- 
worm homogenates. This observation is in 
agreement with other work on insect homog- 
enates (Bodine, Lu, and West, 1952; Allen and 
Richards, 1954). DDT appears to have no 
effect on the oxygen consumption of unfortified 
homogenates (Figure 3, graphs C and C-1), 
probably because little or no substrate is avail- 
able, and consequently, little cytochrome oxidase 
is needed. However, DDT has a pronounced in- 
hibitory effect on the respiratory metabolism 
produced by the addition of sodium succinate and 
cytochrome c. The oxidation of these substrates 
involves the succinoxidase system which includes 
cytochrome oxidase. Hence, this inhibition may 
be interpreted as an effect on the activity of 
cytochrome oxidase. 

These experiments add further evidence to the 
theory that DDT may poison the insect through 
its effects on cytochrome oxidase (Sacktor+ 1949). 
As postulated by Sacktor (1950, 1951) resistance 
to DDT could involve the development of a 
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greater activity of this enzyme as in the adult 
house fly; or of some mechanism by which the 
insect is able to by-pass the cytochrome system, 
as in resistant pupae of the house fly. High 
concentrations of DDT were required to demon- 
strate inhibition of cytochrome oxidase under 
the conditions of these experiments. Hence, it 
appears unlikely that the poison would exist in 
the insect in suMcient concentrations to modify 
the rate of oxidative metabolism. It is possible, 
however, that in the livirg insect there may be a 
sufficient concentration of DDT localized in the 
mitochondria to produce toxic effects on cyto- 
chrome oxidase. Another possibility is that lo- 
calized concentrations of the enzyme may be at a 
critical level so that the presence of relatively 
small amounts of DDT could produce significant 
effects. 


SUMMARY 


1. The effect of DDT on the activity of cyto- 
chrome oxidase was determined spectrophoto- 
metrically using homogenates of the mealworm, 
Tenebrio molitor, and the leg muscles of the 
cockroach, Periplaneta americana. A manometric 
study was also made on the effect of DDT on the 
cytochrome oxidase activity and on oxygen con- 
sumption of mealworm homogenates. 

2. No inhibition of cytochrome oxidase was 
obtained spectrophotometrically when mealworms 
were homogenized in 10-* molar DDT contained 
in phosphate buffer, and readings were made im- 
mediately. However, when the DDT and homog- 
enate were allowed to stand together at room 
temperature for 2 hours, there was a significant 
inhibition of 28.1 percent. With homogenates 
of cockroach muscle, no inhibition was obtained 
with this concentration of DDT even after an in- 
cubation period of 2 hours. 

3. Inhibition of cytochrome oxidase appeared 
in all experiments with 10-* molar DDT, the 
amount varying with the time of incubation at 
room temperature. With mealworm homogen- 
ates, the inhibition was 26.2 percent when readings 
were made immediately, 42.8 percent after 1 
hour, and 65.3 percent after 2 hours. With 
homogenates of cockroach muscle, the correspond- 
ing figures were 30.2, 49.8, and 71.6 percent. 

4. A 50.5 percent inhibition of cytochrome 
oxidase was obtained manometrically with a 1 per- 
cent homogenate in 10-* molar DDT. 
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5. DDT in 10- molar concentration was also 
found to reduce the oxygen consumption of meal- 
worm homogenates fortified by the addition of 
sodium succinate and cytochrome c. However, 
the amount of inhibition varied with homogenate 
concentration, being 22.9 percent with 5 percent 
homogenate, and 38.2 percent with 1 percent 
homogenate. No significant inhibition was ob- 
tained with a 10 percent homogenate, and no 
inhibition was obtained using homogenates with- 
out added substrates. It appears that the cyto- 
chrome oxidase activity of higher homogenate 
concentrations is so great that an inhibition of a 
considerable portion of the enzyme may occur 
without changing the rate of oxygen consumption. 
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NATURAL ENEMIES OF THE MELON FLY, DACUS CURCURBITAE COQ. 
IN HAWAII! 


T. NISHIDA 


Univsersity of Hawaii, College of Agriculture, Hawaii Agricultural Experiment Station, Honolulu 


When the melon fly, Dacus (Strumeta) cucurbitae 
Coq., appeared in Hawaii towards the close of 
the nineteenth century, it thrived exceedingly 
well in its new environment and became a serious 
pest of many agricultural crops. In an effort 
to reduce its numbers to a level where the melon 
fly would not be able to cause serious damage to 
economic crops, intermittent attempts have been 
made to introduce natural enemies. In addi- 
tion to these natural enemies there are others 
which were introduced to combat other insects, 
but which were later found to attack the melon 
fly. There are also other natural enemies of the 
melon fly which apparently became established 
in Hawaii without the intentional aid of man. 
This assemblage of various species constitutes a 
complex of natural enemies which have become 
in a relatively short period an integral part of the 
ecosystem. 

The melon fly is a primary invader of various 
fruits and vegetative portions of certain plants. 
The female makes a wound in plant tissues into 
which several eggs are deposited. After the 
eggs hatch, the larvae feed upon and burrow into 
the plant tissue. The larvae, when fully devel- 
oped, enter the soil where pupation occurs at 
depths of two to three inches. Upon emergence 
from puparia the adults move on to various plants 
on which they spend the greater part of their 
adult life. Initially, the infested fruit is inhabited 
by D. cucurbitae alone; but, as soon as decom- 
position begins, various scavenger species such as 
Atherigona excisa (Thomson), Drosophila spp., 
Megaselia sp., Psychoda sp., and Volucella hoya 
Curran oviposit in the decomposing tissue. As a 
result, larvae of D. cucurbitae as well as those of 
secondary invaders may be found within the same 
fruit during the later stages of fruit decomposi- 
tion. Decomposition of the fruit and the develop- 
ment of its inhabitants progress simultaneously, 
and, by the time the fruit has completely de- 
composed, larval development of its inhabitants 
will have been completed. 

During their developmental stages, D. cucurbi- 
tae and other species associated with it are 
attacked by a number of natural enemies. The 
present investigation is concerned principally 
with those species which attack D. cucurbitae. 
Presented in this paper are the results of the 

1Published with the approval of the Director of the 


Hawaii Agricultural Experiment Station as Technical 
Paper No. 303. 


investigation under the following topics: (1) 
natural enemies of the developmental stages, (2) 
importance of natural enemies as biological control 
agents, and (3) miscellaneous notes on the in- 


dividual species of natural enemies. 
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METHOD OF STUDY 


The major portion of this investigation was 
conducted in the field supplemented by laboratory 
observations. Field excursions were taken to 
various localities, principally in the Waianae and 
Waimanalo areas of Oahu, at intervals of at least 
once a month. On these excursions observations 
were made on the activities of natural enemies. 
A few species of natural enemies, although re- 
ported to be established in Hawaii, were not 
encountered during this study; however, they 
were considered established and are included in 
this paper. 

Information on the extent of parasitization was 
obtained by collecting samples of fruits infested 
with. nearly full grown larvae from various lo- 
calities. These fruits were brought into the 
laboratory, where the larvae were dissected out 
and were placed in small wax paper cups con- 
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taining pumpkin pulp. The cups were then 
placed on sand in jars the humidity of which was 
maintained at a high level by means of a septum 
of plaster of Paris between the water in the jar 
and the sand placed on the septum (Newell, 
et al., 1951). Upon emergence counts were made 
of the number of hosts and parasites. When 
samples were taken of the pupae, they were 
placed directly in the above mentioned jars 
where the pupae remained covered with coral sand 
until emergence. 

Information on predators was obtained largely 
from general field observations. In a few in- 
stances predators were brought into the laboratory 
where observations on their feeding habits were 
made in captivity. 


NATURAL ENEMIES OF THE VARIOUS STAGES 


The species of natural enemies which attack 
the various developmental stages of D. cucurbitae 
are listed in Table I. There are eight parasites 
and six predators. Of these, two are enemies of 
the adult stage, whereas the remaining twelve 
are enemies of the immature stages. 

The eggs may be attacked by Opius oophilus 
Full., an egg parasite of the oriental fruit fly, 
Dacus dorsalis Hendel (van den Bosch and Hara- 
moto, 1951), in papaya groves where the habitats 
of D. cucurbitae and D. dorsalis overlap (Nishida 
and Haramoto, 1953). Although O. oophilus 
cannot develop, the female of this species oviposits 
in the eggs of D. cucurbitae and in doing so kills 
them. In a less watery medium, such as in the 
vines of cucurbits, the eggs are preyed upon by 
the ants, Pheidole megacephala (Fabr.) and 
Solenopsis geminata rufa Jerdon. 

The larvae of D. cucurbitae are susceptible to 
attack by several natural enemies. Larvae with- 
in the host fruit are attacked by the parasites, 
Opius fletcheri Silv., Opius watersi Full., Tetrasti- 
chus giffardianus Silv.., and T. dacicida Silv. and 
by the predators, Philonthus trubidus Er. and 
Chelisoches morio (Fabr.). The ants, P. mega- 
cephala and S. geminata, also attack larvae present 
within the less watery host fruit, but the greatest 
extent of predation by ants occurs on full-grown 
larvae as they come out of the fruit to pupate in 
the soil. 

The pupae present in the soil are attacked by 
three parasites, namely, Dirhinus giffardii Silv., 
Spalangia hirta Haliday, and S. phili ppinensis 
Full. The ants, P. megacephala and S. geminata, 
are also predators during the pupal stage. Mice 
are also suspected of preying upon pupae, but 
there is no definite evidence on this point. 

The adults, which are present on various plants, 
are preyed upon by two predators: a reduviid 
bug, Zelus, renardti Kol., and spiders, Argiope sp. 

The natural enemies of the scavenger larvae 
found in association with larvae of D. cucurbitae 
in decaying fruits are inadequately known. 
Some of the predators which attack both D. 
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cucurbitae and scavenger species in the larval 
stages are Philonthus turbidus, Chelisoches morio, 
Pheidole megacephala, and Solenopsis geminata. 
Spiders and Zelus renardii, which prey on the 
adults of D. cucurbitae, are no doubt predaceous 
on some of the adults of scavengers. 


TABLE I 


THE NATURAL ENEMIES OF 
STAGES OF D. cucurbitae 


SUMMARY OF THE VARIOUS 


STAGES ATTACKED* 
SPECIES 





adult 


larva | 
| 


pupa 


PARASITES 
Dirhinus Bil ifardit | + 





Opius fletcheri 





O. oophilust.. 





O. watersi.. 


Spatangia hirta.. 


we hilippinensis.. 














TT etrastic diecn gif flardianust st 


PREDATORS 


Argiope spp.. 


Chabiveches morio 


Pheidole megacephala. 


Philonthus abhi ace 


Solenopsis eeeinaia.. 





Zelus renardit. . 


*The relative abundance of each species is indicated by 
the number of crosses: one cross, rare; two crosses, Oc- 
casional; and three crosses, common. 

tAdult oviposits and kills host eggs, but the parasite 
does not develop. 

tO. fletcheri must be present in the same host for its 
development (Pemberton and Willard, 1918). 


IMPORTANCE OF NATURAL ENEMIES AS 
BIOLOGICAL CONTROL AGENTS 


THE 


From the documented accounts of early ob- 
servers it is apparent that D. cucurbitae increased 
to very large numbers shortly after its discovery. 
Natural enemies introduced in subsequent years 
no doubt had an influence on the abundance of 
D. cucurbitae; however, the magnitude of this 
effect is a subject of speculation. At the present 
time one can obtain, at best, a general picture of 
the importance of natural enemies as biological 
control agents from published accounts and from 
field observations on the performance of natural 
enemies. 
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Parasites 

A total of eight species of hymenopterous para- 
sites are known in Hawaii; however, all of them 
except Opius fletcheri, are of little importance 
from the standpoint of biological control, chiefly 
because of their scarcity and non-specificity to 
D. cucurbitae. The discussion in this section is, 
therefore, limited to O. fletcheri. 

The extent of parasitization of D. cucurbitae by 
O. fletcheri has been reported by previous ob- 
servers. Shortly after its introduction, Fullaway 
(1919a) found that 96.9 percent of the larvae in 
the fruits of Momordica balsamina L. were para- 
sitized. In subsequent reports Fullaway (1919b, 
1920) stated that O. fletcheri destroyed 50 percent 
of the flies. Willard (1920) reported that 
the parasitization of larvae in cucumber fruits 
ranged from 7.3 to 29.8 percent; however, parasi- 
tization of larvae in M. balsamina fruits was as 
high as 96.9 percent. Swezey (1935) found that 
70 percent of the larvae in Passiflora sp. were 
parasitized by O. fletcheri. Lucas (1941) found 
that 39 percent of the larvae in the hyacinth 
beans, Dolichos lablab L. were parasitized. 

Recently, the work on the evaluation of O. 
fletcheri as a parasite of D. cucurbitae was carried 
out by Newell et al. (1952) and by the writer. 
Newell et al. determined the seasonal trends in 
parasitization of the population in the wild 
Momordica areas, whereas the writer confined 
his work to the determination of the trends in 
cultivated areas. For the purpose of comparison 
the results obtained from both wild and cultivated 
areas are reported together. 

The data on parasitization of O. fletcheri, pre- 
sented in FIGURE 1, show marked differences in 
the level of parasitization of larvae found in cul- 
tivated and wild areas. The percentage of parasit- 
ization of larvae in cultivated fruits was extremely 
low in both Waianae and Waimanalo areas as 
compared to that of the larvae in Momordica 
fruits. It is indeed very surprising that such a 
marked difference in parasitization should occur, 
even though in many cases the wild and cul- 
tivated areas were contiguous. 

Seasonal differences in the percentage of parasit- 
ization by O. fletcheri, also shown in FIGURE 1, 
indicate that in the wild areas of Waianae and 
Waimanalo and in cultivated areas of Waimanalo 
the parasitization was highest during the winter 
months and lowest during the summer. Pruthi 
(1937) found that in India the parasitization by 
O. fletcheri begins in late September and reaches 
its maximum in October. In comparing the 
parasitization data obtained in Hawaii and those 
in India, it appears that in both localities the para- 
site is most active during the fall and winter 
months, but the percentage of parasitized larvae 
was considerably less in India than in Hawaii. 
The duration of the period in which the parasite 
showed its maximum activity throughout the 
year was also shorter in India. 
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The extent of parasitization by this parasite in 
Hawaii appears to be influenced by the kind of 
host fruit in which D. cucurbitae larvae are found. 
The data given in Table II show that among the 
larval samples which were taken from various 
fruits in cultivated areas there was little or no 
parasitization of larvae found in papaya, bell 
pepper, and tomato. Among cultivated fruits 
the highest parasitization, 15.6 percent, was ob- 
tained from melons. The parasitization of larvae 
in melons accounts for the parasitization shown in 
FIGURE 1 at Waimanalo during October and 
November. The data presented in Table II show 
that there was higher parasitization of larvae 
found in Momordica and bitter melon fruits than 
those in melons; however, such differences cannot 
be interpreted as being due entirely to differences 
in the kind of fruit, because larval samples were 
collected in ecologically different areas. 


Pn 
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CULTIVATED ae a 


e ag i 
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O. fletcheri exhibited differences in parasitiza- 
tion not only with respect to kind of fruit but also 
with respect to the location of the host larvae in 


different parts of the same plant. This character- 
istic was found in melons, where the larvae may 
be found in both the vines and fruits. Larval 
samples from vines and fruits showed a con- 
sistently higher parasitization of the larvae found 
in the former. This higher parasitization might 
be attributed to the duration at which larvae are 
accessible to the parasite. In vines the larvae 
are situated just beneath the epidermis through- 
out the developmental period and are therefore 
vulnerable to parasitization for a long period. 
However, the larvae in the fruit have a tendency 
to burrow deeply into the flesh as they grow 
larger and, hence, are less accessible to the para- 
site during the later stages of development. 
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The activity of O. fletcheri appears to be in- 
fluenced by meteorological conditions. Observa- 
tions made in late August, 1951, showed that there 
was no activity at all during the hours of bright 
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parently due to the favorable environment and 
the absence of natural enemies. The decline in 
abundance in about 1916-1920 was attributed to 
the activity of the parasite, O. fletcheri, introduced 


in 1916 (Fullaway, 1919b, 1920; Willard, 1920). 
The increase of D. cucurbitae in recent years is 
difficult to understand, particularly in view of 
the increase in the number of species of natural 
enemies during the past 50 years. It does not 
appear to be due to the disappearance of O. 
fletcheri because the latter still exists today 
parasitizing 40 to 50 percent of the larvae in 
fletcheri is low under conditions of intense light Momordica fruits during favorable seasons (New- 
and possibly high temperature and is high under ell, e¢ al., 1952). 

relatively low light intensity. The increase of D. 


sunlight, but during the evening hours many 
parasites were noted flying among melon vines. 
A few were seen ovipositing in larvae in melon 
vines. However, on a very cloudy and humid 
day in late October, adults of O. fletcheri were ob- 
served in numbers flying among melon vines 
during the noon hours. It appears from these 
limited observations that the activity of O. 


cucurbitae in recent years 


TABLE II 


COLLECTED FROM VARIOUS FRuITS DURING 1951 


THE PARASITIZATION OF LARVAE 


Waianae Waimanalo 


Larvae collected from 
No. of 


larvae | 


l Collection sites 
| No. of | Percent 
larvae | parasitized 


Percent 
parasi t ized 


PG ahtieaned area 


“ 


Tomato (Lycopersicon esculentum (Mill.) 1265 0.0 1009 0.1 
Melon (Citrullus vulgaris Schrad.) 167 | 0.0 | 2396 | 15.6 
Cucumber (Cucumis sativus L.) 624 0.2 | 390 6.5 


Papaya (Carica papaya By: 

Bell pepper (Capsicum | frutescens L. var. 
grossum (L.) Bailey) 40 

Momordica balsamina L 148 

Bitter melon ( Momordica charantia L. 73 


Predators 


There are six predators of D. cucurbitae. These 
predators are general feeders which attack D. 
cucurbitae only incidentally to other insects. Con- 
sidering their omnivorous habits and scarcity, 
the influence of these predators on the popula- 
tion of D. cucurbitae does not appear to be of 
great significance, particularly in cultivated areas. 
Ants appear to be of importance in certain areas, 
but their role as control agents has not been 
determined. 


DISCUSSION 


Although quantitative data are lacking it is 


possible to portray a general picture of the 
changes in the levels of abundance of D. cucurbitae 
from the time of its appearance in Hawaii up to 
the present. Highlights in these changes were 
the tremendous increase during the years follow- 
ing the discovery of the fly in 1895 (Howard, 
1900; Perkins, 1902; Van Dine, 1904; Blackman, 
1909; Van Dine, 1909), the decline about in 1916 
1920 (Fullaway, 1919a, 1919b, 1920; Willard, 
1920), and the increase in recent years. 

The causes of these changes in population are 
not clearly known. The rapid increase soon after 
the arrival of D. cucurbitae in Hawaii was ap- 


901 0.0 


45 0.0 


180 20.0 Adjacent uncultivated field 


Adjacent uncultivated field 


seems to be associated with the changes in agri- 
cultural conditions and the resultant loss of effi- 
cacy of the parasite, O. fletcheri. In the past, 
truck crop production was on a smaller scale 
than at the present time and the cultivated areas 
in relation to the wild Momordica areas were 
less extensive. The Momordica areas constituted 
the main breeding grounds, and the fly population 
concerned was one which had its origin in these 
wild areas. Under these conditions O. fletcheri 
was able to destroy large numbers of its host. 
However, with the developments that have 
taken place in recent years, the areas in which 
Momordica is present have decreased considerably. 
Today we are, therefore, dealing with a popula- 
tion which has its origin in cultivated fruits, 
whereas, in the past, the population concerned 
was one which originated largely from the 
Momordica areas. Under present circumstances 
O. fletcheri, which does not attack D. cucurbitae in 
cultivated areas where most of the breeding oc- 
curs, is not effective. Hence, the increase in D. 
cucurbitae. It is fortunate, however, that O. 
fletcheri attacks larvae in Momordica fruits; 
otherwise, the melon fly problem might be greater 
than it is because we would have to deal with 
flies breeding in both wild and cultivated areas. 
The exceedingly low incidence of parasitiza- 
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tion by O. fletcheri in cultivated areas where 
large numbers of larvae are present in tomatoes, 
melons, cucumbers, and papayas is of great 
concern. This low incidence of parasitization 
of larvae in cultivated areas might be related to 
unfavorable ecological conditions within the 
cultivated areas. Parasitized larvae in cultivated 
fruits were found generally in very weedy fields 
which suggest that, like the melon fly, O. fletcheri 
favors weedy situations. In view of the observa- 
tions on the low activity of the parasite under 
intense sunlight, it appears that the cultivated 
fields devoid of dense growth of weeds are too 
open and the sunlight too intense for the parasite 
and, hence, are not suitable habitats. Such an 
unfavorable habitat might account for the low 
incidence of parasitization. 

The kind of fruit in which the larvae of D. 
cucurbitae are present might be another factor 
associated with the low incidence of parasitiza- 
tion in cultivated areas. Fruits such as melons, 
tomatoes, cucumbers, and papayas might be un- 
attractive to the parasite even though the larvae 
of D. cucurbitae may be present within them. 
Tomatoes appear to be particularly unattractive. 
At Waianae, out of a total of 1,265 larvae col- 
lected, there was not a single parasitized larva, 
whereas at Waimanalo, out of a total of 1,009 
larvae, only 0.1 percent was parasitized by O. 
fletcheri. The large size and fleshy characteristics 
of cultivated fruits and the depth to which the 
larvae can penetrate might also be a factor. For 
example, in melon fruits the parasitization was 
much higher in the vines where the larvae are 
present beneath the epidermis than in the fruits 
in which the larvae are able to penetrate deeply 
into the flesh. 

The low incidence of parasitization of larvae in 
cultivated fruits has been often attributed to 
the application of insecticides. Although there 
is no doubt that the application of insecticides 
does destroy the parasite, it does not appear to 
be the only factor, because limited observations 
made on melons and cucumbers in areas where 
insecticides were not used did not indicate a 
high degree of parasitization. Furthermore, the 
data presented by earlier workers during an era 
when the use of insecticides was very uncommon 
do not reveal a high incidence of parasitization. 

Concerning future work on biological control 
of D. cucurbitae, it should be mentioned again 
that the principal breeding grounds of this fly 
today are the cultivated areas and not the wild 
areas where O. fletcheri is present. Should search 
for additional natural enemies be attempted, 
efforts should be made to obtain those which are 
effective in cultivated areas. Under present cir- 
cumstances, although there are advantages in 
having additional natural enemies in the wild 
areas, it is doubtful whether such additions would 
be of great value from the standpoint of control- 
ling the pest in cultivated areas. 
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Island. 


Leo 


ANNOTATED LIST OF NATURAL ENEMIES 
PARASITES 
Dirhinus giffardii Silv. 

This species of pupal parasite was introduced 
into Hawaii from west Africa to combat the Med- 
iterranean fruit fly, Ceratitis capitata Wied. 
(Timberlake, 1924). Since its introduction, it 
has been found to parasitize D. cucurbitae (Nish- 
ida, 1953) and D. dorsalis (Pemberton, 1949; van 
den Bosch, 1952). At Waimanalo, Oahu, the 
percentage of parasitized pupae in abandoned 
melon fields ranged from 0 to 17 percent. In 
Italy, D. giffardii parasitizes Ceratitis capitata 
Wied. and Dacus oleae Gmel. (Martelli, 1913); 
in Tunis, C. capitata (Guillochon, 1916); in 
Nyasaland, Glossinia brevipalpis Newst. and G. 
morositans Westw.; and in Nigeria, Glossinia pal- 
palis R. D. (Ferriére, 1935). 

Opius fletcheri Slv. 

In 1916 Fullaway introduced into the Hawaiian 
Islands this larval parasite from India to combat 
D. cucurbitae. It is apparently a native of India, 
where its host, D. cucurbitae, is believed to have 
originated. Yashiro (1936) reported that O. 
fletcheri is present in Formosa and _ Ishigaki 
It also occurs in Kuala Lumpur, Malaya 
(Corbett, 1937). Other hosts of this parasite are 
the Mediterranean fruit fly, Ceratitis capitata 
Wied. (Willard, 1920), and Carpomyia vesuviana 
Costa (Ramakrishna 1924). 


Opius oophilus Full. 

First discovered to be an egg-larval parasite of 
Dacus dorsalis Hendel by van den Bosch and 
Haramoto in 1951, this species was subsequently 
found to oviposit in the eggs of D. cucurbitae 
present in fruits such as the papaya (Carica 
papaya L.) in which eggs of both species of flies 
may be present within the same fruit. Although 
the eggs of O. oophilus cannot develop in the eggs 
of D. cucurbitae, the females of this species ovi- 
posit and kill the eggs of D. cucurbitae (Nishida 
and Haramoto, 1953). This species of parasite 
apparently occurs in Malaya, because it is believed 
to have been present in host material sent from 
that country (Fullaway, 1951). 

Opius watersi Full. 

This recently introduced larval parasite was 
reared from D. cucurbitae larvae in Momordica 
fruits for a short time on the University of Hawaii 
campus in the fall of 1950 (Clancy, 1952). Ap- 
parently it failed to become established as it has 
not been recovered since then. O. watersi was 
reared from fruit fly puparia sent from India 
(Fullaway, 1951). 


Spalangia hirta Hal. 


Although this pupal parasite was recorded in 
the Hawaiian Islands as early as 1901 by Ash- 
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mead, it was not until 1914 when it was reported 
that it parasitizes D. cucurbitae (Severin ef al. 
1914). In the mainland United States S. hirta 
has been reported to attack the pupa of the house- 
fly, Musca domestica L. (Richardson, 1913). 


Spalangia philippinensis Full. 


In an effort to control the horn fly, Lyperosia 
irritans (L.), this species of pupal parasite was 
introduced from the Philippines into the Hawai- 
ian Islands in 1914 (Fullaway, 1917b). Since 
then it has been reared from D. cucurbitae and 
other dipterous puparia present in chicken manure 
(Timberlake, 1924). In Hawaii S. philippinensis 
was also bred from Lyperosia sp., and from the 
housefly, Musca domestica L. (Fullaway, 1917a; 
1917b), and from Dacus dorsalis Hendel (Pember- 
ton, 1949). 

Tetrastichus dacicida Silv. 

This recently introduced larval parasite was 
reported to have been bred from larvae in Momor- 
dica fruits in large numbers (Chong, 1953a), 
presumably from D. cucurbitae because this is 
the fruit fly which usually infests this fruit. It 
has also been recovered from larvae obtained from 
guava, Psidium guajava L., (Chong, 1953b), 
which apparently was infested by Dacus dorsalis 
Hendel. In Kamerun, Africa, this parasite at- 
tacks Dacus bipartitus Graham (Silvestri, 1915). 


Tetrastichus giffardianus Silv. 

This parasite, first reported to parasitize D. 
cucurbilae by Pemberton and Willard (1918), 
was introduced into the Hawaiian Islands from 
South Africa (Willard, 1920) to combat the 
Mediterranean fruit fly, Ceratitis capitata. The 
host-parasite relationship between this parasite 
and its host, D. cucurbitae, is an unusual one be- 
cause, when 7. giffardianus oviposits in D. cucurbi- 
fae larvae, the parasite is not able to develop 
within this host. However, when O. fletcheri 
oviposits in the larvae of D. cucurbitae before T. 
giffardianus, the latter is able to develop (Pember- 
ton and Willard, 1918). In addition to C. 
capitata and D. cucurbitae this species parasitizes 
D. dorsalis in Hawaii (Pemberton, 1949). 


PREDATORS 
Argiope spp. 

At least two species of spiders of this genus 
spin webs among various kinds of vegetation, and 
the adults of D. cucurbitae as well as other flying 
insects are caught in the web. Young adults are 
most readily captured in the web as they are 
weak fliers. Older adults get caught less fre- 
quently because they are strong enough to free 
themselves from the entanglement before the 
spider captures them. 


Chelisoches morio (Fabr.) 
This earwig, which is present in India and many 
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Pacific islands (Fullaway and Krauss, 1945), has 
been observed to feed upon young larvae of D. 
cucurbitae in decaying fruits. It also feeds on 
other small dipterous larvae among which are 
Atherigona excisa (Thomson), several species of 
Drosophila, Megaselia sp., and Psychoda sp. In 
captivity it fod most readily on small first instar 
larvae of D. cucurbitae. This predator does not 
enter infested fruits until they are partially broken 
down through decomposition and after much of 
the liquid has drained out. In Hawaiian sugar 
cane fields, C. morio has been reported to feed on 
the egg parasites and nymphs of the sugarcane 
leafhopper, Perkinsiella saccharicida Kirk. (Wil- 
liams, 1931). Besides these, the larvae of Bronti- 
spa froggatti Sharp and Tiranthaba sp. are preyed 
upon by C. morio in South Pacific islands (Risbec, 
1933, 1935). 


Pheidole megacephala (Fabr.) 

This ant, which is widely distributed in the 
tropics (Phillips, 1934), was first recorded from 
Hawaii in 1880 (Fullaway and Krauss, 1945). 
In less watery fruits such as pumpkins and cer- 
tain squashes it enters oviposition punctures 
made by D. cucurbitae and carries away the eggs 
and larvae. It has not been observed to attack 
D. cucurbitae in watery fruits such as ripe toma- 
toes and papayas. In Hawaii P. megacephala 
has been reported to attack the larvae of the 
Mediterranean fruit fly, Ceratitis capitata Wied. 
(Pemberton and Willard, 1918), and also a large 
number of other insects which are listed by 
Williams (1931) and Phillips (1934). 

The fire ant Solenopsis geminata rufa (Jerdon), 
which is generally considered to be a grain and 
honeydew feeding species, is at times entomoph- 
agous and attacks D. cucurbitae in the same 
manner as P. megacephala. 


Philonthus turbidus Er. 

The feeding habits of this staphylinid beetle 
are similar to those of the earwig, Chelisoches 
morio, mentioned above. It, too, inhabits de- 
caying fruits and feeds on the larvae of D. cucurbi- 
tae as well as on those of other Diptera present in 
decaying fruits. It was observed to feed on the 
first, second, and third instar larvae of D. cucurbi- 
tae. Generally, this beetle does not enter infested 
fruits until fruit decomposition has progressed 
to a point where much of the liquid has drained. 


Zelus renardi Kol. 


This reduviid bug, which was first observed in 
Hawaii in 1897 (Fullaway and Krauss, 1945), is 
an immigrant species from western United States 
(Williams, 1931). It is a common insect found 
on various plants in cultivated lowland areas 
where it attacks the adults of D. cucurbitae. 
This predaceous bug was observed to capture the 
adults most frequently in the evening as they 





1955 Nishida: 
came to roost on vegetation along the edges of 
the field. It approaches its prey slowly and, 
when within reach, quickly grasps its victim, 
inserts its proboscis in the body cavity and feeds 
on the body fluid. Besides D. cucurbitae, this 
reduviid bug attacks a large number of other 
insects, some of which are the honey bee (A pis 
mellifera L.), sugarcane leafhopper (Perkinsiella 
saccharicida Kirk), coccinellid beetles, dermestids, 
aphids, and various species of Hymenoptera 
(Williams, 1931; Fullaway and Krauss, 1945). 


SUMMARY 


The natural enemies of D. cucurbitae are dis- 
cussed from the standpoint of the sequence of 
attack during various developmental stages, their 
importance as biological control agents, and the 
species of parasites and predators present in the 
Hawaiian Islands. 

The eggs of D. cucurbitae are destroyed by 
Opius oophilus Full., although this parasite of D. 
dorsalis cannot develop in D. cucurbitae. The 
ants, Pheidole megacephala (Fabr.) and Solenopsis 
geminata rufa (Jerdon) prey upon the eggs present 
in the less watery host plants. The larvae are 
attacked by the parasites, Opius fletcheri Silv., O. 
watersi Full., Tetrastichus giffardianus Silv, and 
T. dacicida Silv. Predators that attack the larvae 
are Chelisoches morio (Fabr.), Philonthus turbidus 
Er., P. megacephala, and S. geminata. The 
pupae of D. cucurbitae are parasitized by Dir- 
hinus giffardii Silv., Spalangia hirta Hal., and 
Spalangia philippinensis Full. The ants, P. 
megacephala and S. geminata, are predators of 
the pupal stage. Mice are suspected of preying 
on the pupae. 

Natural enemies are not very effective in con- 
trolling D. cucurbitae. The most effective para- 
site, O. fletcheri, has given only partial control. 
Although it is capable of parasitizing a moderately 
high percentage of larvae in the wild Momordica 
balsamina fruit, it is capable of parasitizing larvae 
in cultivated fruits only to a very limited extent. 
Failure to obtain control through this parasite 
was attributed to the presence of two populations, 
one which has its origin in the wild Momordica 
areas and the other in cultivated areas, and to the 
inability of O. fletcheri to work effectively in de- 
stroying the fly population originating in cul- 
tivated areas. Should search for additional 
natural enemies be attempted, it is suggested 
that efforts be made to obtain those which are 
effective against the fly in cultivated fruits. 
Under present circumstances it is doubtful 
whether an increase in natural enemies in the 
wild areas would be of value from the standpoint 
of controlling the pest in cultivated areas. 

An annotated list of natural enemies is pre- 
sented. Eight parasites of the immature stages 
and six predators, two of the adult and four of the 
immature stages, are listed. 
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PEHR KALM’S DESCRIPTION OF A TYPE OF CREATURE IN NORTH AMERICA 
CALLED THE WOOD TICK' 


Translated and edited by ESTHER LOUISE LARSEN.? 


INTRODUCTION 


Pehr Kalm’s writings contain a wealth of ma- 
terial for both the historian and the scientist. 
The wide scope of his interest may be judged 
from the articles which he contributed to the 
Handlingar from 1749 to 1778. There are 
seventeen papers, and they discuss the economic 
value of many trees, shrubs and herbs together 
with their characteristics and medicinal uses, agri- 
culture, climate, animals and insects. The paper 
here translated was published in Kongl. Svenska 
Vetenskaps Academiens Handlingar 15: 19-31. 
1754, under the title “Berattelse om et slags 
yrfa i Norra America, Skogs-Léss kalladt.”’ 

Among the many types of insects which are 
found in North America, several are represented 
in Sweden. Some of these are Scarabaeus. Linn. 
Faun. Sv. 349. Dermestes 366. Coccinella 409. 


'\Probably Dermacentor variabilis Say. 
2This study was prepared with the support of a grant 
from the American Philosophical Society. 


Carabus 521. Dytiscus 572. Meloe 

Papilio 772, 782. Formica 
Hippobosco 1043.Musca 1102, 
1105, 1106, 1109, 1110. Culex 1116, 1117. Pedic- 
ulus 1168. I have found (Pulex 1171) on 
rabbits, squirrels and other animals which we 
shot in the wilderness. Nowhere is this insect 
more plentiful than in the huts of the savages. 
Acarus 1186, 1187, 1200. Vermibus, Cancer 
1248, 1249. Scolopendra 1263. Lumbricus 1271. 
Concha 1338 are common and many more which 
at the moment I do not recall. Quite a large 
number of our Swedish insects are found. Some 
are peculiar to America, others resemble our 
Swedish insects, but at the same time differ from 
them. Such is the nature of the insect which I now 
have the honor of describing to Kongl. Vetenskaps 
Academien. It is found throughout North Amer- 
ica and is well known because of the trouble it 
causes. 

The Latin name which I call this creature is 
Acarus ovalis planus ruber, macula dorsali alba. 


Cerambyx 489. 
596. Chermes 698. 
1019, 1020, 1023. 
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The Swedes in Pennsylvania and New Jersey, the 
region formerly known as New Sweden, call it 
Skogs-lus. The English of that vicinity call them 
Ticks and Seed-ticks, and the Dutch at Albany 
call them Hout luys or Wood-luys. 

They are abundant in the forests of Pennsyl- 
vania and New Jersey, but are still more plentiful 
in Maryland and the regions to the south. As 
one travels north from Pennsylvania they de- 
crease in number; however, we were plagued by 
them in the wilderness between the English 
Colonies and Canada. They dropped onto our 
clothing as we went through the brush, and were 
especially annoying if we attempted to sit on 
the ground, a fallen tree or stump. A good rest 
was rare andexpensive. Astounding quantities of 
wood ticks, gnats and mosquitoes were prepared 
to plague us every step of the way in the extensive 
wilderness. They were especially bad at night. 

A description of the insect. It is variable in 
size. Some are so small they can scarcely be 
seen, while others, when they have succeeded in 
sucking themselves full of blood, are the size of 
the end of a finger. Usually they are about a 
line long and 34 of a line wide. By line I mean a 
geometric line according to the Swedish foot. 
The body which is round tends to be slightly 
oval. It is thin, flat, even and smooth above. 
The entire outermost edge is slightly raised. In 
some instances this edge is crimped or wavy. The 
body is dark red in color, shiny with a tiny white 
spot in the center of the back. This spot is in 
some instances lacking. The head is quite small. 
There is no thorax between head and abdomen. 
Antennae are thread-like, almost equally thick at 
either end, pale red, parallel with the proboscis, 
13 to \% lines long. The probosis is thread-like, 
hard as horn, between the antennae and so close 
to them that they appear to be of a piece. The 
antennae and the proboscis are of the same 
length and form an obtuse angle with the ab- 
domen. The width of the antennae and pro- 
boscis is scarcely 14 line. The antennae serve 
nearly the same purpose as the proboscis for 
when the insect bores into the skin of an 
animal the antennae remain parallel with the 
proboscis. There are eight legs, 1 to 1!4 lines 
in length. Each leg has five joints including the 
one attached to the body. They are pale red, 
not quite as red as the body, hairless, smooth, 
shiny, armed with tiny white claws on the end. 

If the insect is held to the nose after it has 
been cut open it gives off an unpleasent musty 
odor. 

These insects tend to stay on grass and brush 
in the woods, and in the fallen leaves of the 
previous year. The grass and leaves are often 
completely full of them. They are not found in 
yards, fields or meadows, but thickets, woods 
and forest neighborhoods are their homes. It is 
impossible to sit down in the woods in the summer 
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where last year’s fallen leaves lie without becom- 
ing full of these parasites. 

From the time the snow disappears in the 
spring until nearly half of the summer is gone 
these pests are plentiful. I first noticed them on 
March 9th, new style, but no matter how care- 
fully I have searched for them in the woods, | 
have never seen any in the month of September. 

If one walks through the woods during the time 
when they are present, or sits down to rest, one 
immediately becomes covered with swarms of 
them. They creep up stealthily until they 
reach a bare place on the body. Unnoticed, 
they immediately begin to stick the proboscis 
into the flesh and suck blood as they burrow. 
They may remain unnoticed for quite a time. 
Before they are half buried in the flesh it begins 
to itch and smart. The insect is then difficult to 
extricate as it generally comes apart if one pulls 
at it, leaving head and proboscis embedded. It 
is important that the embedded portions be 
removed. If they are not the flesh swells and 
becomes painful, sometimes forming boils. The 
swellings become so unbearably itchy that try 
as you will, it is almost impossible to keep 
from scratching them. Scratching increases the 
infection and delays healing. Where the head of 
the insect and the probosis have remained im- 
bedded I have seen an abscess form which when 
opened was as large as the end of a thumb and 
as deep as the width of a finger. 

A hard lump, about the size of a dry pea, 
usually forms where the insect has been im- 
bedded.* It often takes as much as six weeks 
for this to disappear. During two days travel 
in the woods, one may acquire as many as 50 to 
100 of these lumps which cause indescribable 
discomfort. It is then almost impossible to quit 
rubbing oneself. One hardly knows where to 
turn because some of the swellings itch while 
others burn. 

These creatures are particularly malignant 
when they get into the ear where they can not 
be reached. There have been instances where 
the ear has swollen to the size of a closed fist 
because of an embedded insect. 

They are annoying in that they penetrate the 
skin so slowly and carefully that they are usually 
not felt until they are half buried in the flesh. 
Sometimes they are detected the minute they 
penetrate the skin. The sensation is then similar 
to the bite of a gnat or as bad as the bite of a 
gadfly. Is it not possible that they then may 
have touched a nerve? 

The insects travel slowly. They not only at- 
tach themselves to people but to all kinds of 
animals. These pests cause horrible suffering to 
domestic animals. They often completely cover 
the groin causing it to become rough and leath- 
ery. In New Sweden, I knew of several persons 


3Did Kalm confuse chigger with tick bites? (Editor). 
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who had lost their best horses because of these 
noxious pests. The entire belly was so tightly 
covered with them that there was scarcely room 
to place the point of a knife between them. They 
burrowed deep into the flesh sucking out the 
blood. Finally, emaciated and in great pain the 
animal died. 

They are quite tough. I have cut off the 
head, proboscis, foremost pair of legs and even 
the claws of the next pair. In spite of this, they 
have not only lived for an hour or longer, but 
have crept back and forth on paper. In this 
condition they sometimes fell head first turning 
upside down, but as soon as they were righted 
they wandered about briskly. 

They are extremely difficult to kill. It is al- 
most impossible to tear them apart with the 
finger nail because it is like squeezing a small 
hard piece of leather. 

No matter how small they are, they become 
good sized when they have sucked their fill of 
blood. I have seen them so full of blood, after 
feeding on cattle, that they were 5 or 6 lines long, 
4 lines wide and nearly 4 lines thick. If one 
has ‘not seen the entire process it is difficult to 
believe that it is one and the same insect. The 
color is then not redder, but gray with red 
specks here and there. The legs are red and the 
foremost pair is used much as antennae. It 
takes considerable time for them to fill themselves 
with blood. At the farm where I lived in New 


Jersey, I saw a bitch with two ticks attached 


near the ear. They remained attached for 
more than a month increasing in size daily, 
but had not reached maximum size when they 
fell off. 

On the 12th of April, 1949, I placed a pair of 
wood ticks in a box and allowed them to remain 
there until the 18th of May without giving them 
food. They had fed until they were so full of 
blood that they dropped loose of their own ac- 
cord. One lay on its back the entire time be- 
cause it was so distended that it could not help 
itself. They were both living on the 18th of 
May and each had laid a large pile of eggs. I 
began to count the eggs but did not finish be- 
cause of their large number and my limited time. 
I estimated from the size of the eggs and the 
number which I had counted that each insect 
must have laid about 1000 eggs. They were 
very small, brown and shiny. In the description 
of the insect, I have already mentioned the 
presence of a small white spot in the center of 
the back. When the skin stretches during 
feeding, the lower part of the wood tick stretches 
together with the part back of the white spot, but 
the spot itself and that which lies in front of it 
does not swell or stretch. I found, on the afore- 
said 18th of May, that the eggs were laid through 
this white spot on the back. These ticks had 
already laid astounding quantities of eggs but 
were not satisfied. Laying proceeded so no 
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count could be made of the progeny. How 
many eggs there finally were, and how long these 
wood ticks continued to live in the box without 
food, I can not say, for on the following day, 
May 19th, I started my trip north to Canada. 
When I returned to New Jersey in the middle 
of the month of November, one of my first acts 
was to open the box. I found both wood ticks 
dead, and all the eggs had been transformed 
into an amazing number of tiny ticks which half 
filled the box, but were also dead. They increase 
interminably. 

The best means of getting rid of them is said 
to be as follows: spit on them where they are 
attached, rub the hand over them, and they 
will come loose. Seldom, I should say never, 
has this happened to me. I found, when they 
were imbedded, one could spit on them and rub 
the place of attachment without the slightest 
effect. 

Mr. Salmon in his Modern History vol. III, p. 
442, gives the following method as the surest 
method for getting them loose: “A little warm 
water held on them draws them out no matter 
how thickly they infest an area.’’ However 
this does not work any better than the previous 
method. I have used water of varing degrees of 
temperature, some so hot it burned and it had 
no effect whatsoever. If by warm water Mr. 
Salmon means that which is scalding or boiling 
hot, I might agree that they would come out or 
be scalded to death. One would rather put up 
with the ticks than resort to such drastic methods. 

Some recommend that the shoes and stockings 
be rubbed with what the English colonists call 
pennyroyal, which has the Latin name Melisa 
floribus verticillatis subsesilibus, secundum longi- 
tudinem caulis Gron. Flor. Virg. 1674. Ticks are 
said to shun this plant which has such a strong 
odor that it may cause headaches. I can not 
say if this information is well founded. Since 
these parasites are as apt to attach themselves 
to the coat and other clothing as to the shoes, 
stockings and body when a person walks in the 
woods, it would seem that the body and all 
clothing should be rubbed with the plant which 
has such a strong odor that I do not believe 
anyone could stand it. 

I found it simplest to dislodge them with the 
little plant nippers or tweezers which I use in 
examining flowers. The tick is grasped with the 
tweezers and pulled out. If part of the tick 
remains this too can be removed with the tweez- 
ers. Occasionally one is so deeply embedded 
it is nearly impossible to remove the entire insect. 

According to the accounts of elderly people, 
ticks were very scarce in New Jersey and Penn- 
sylvania fifty or sixty years ago. Only an occa- 
sional one was seen in the woods. Most of the 


4‘Hedeoma pulegioides 
Pennyroyal. 


(L.) the American 


Pers. is 
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ticks are thought to have been introduced when a 
herd of cattle was brought in from Maryland at 
the beginning of the century. During the years 
1748, °49, ’50 there was a greater number of 
ticks than ever before, possibly because these 
summers were unusually dry. 

At the beginning of April, old style, it was 
formerly customary to set fire to all fallen leaves 
in the forests and burn them up. This was done 
in order to get early pasture for the cattle. Many 
wood ticks were destroyed each year since they 
live among the fallen leaves. The burning of 
leaves destroyed all the seedlings of the pre- 
vious year, and no new trees developed to replace 
the old ones which were being cut away yearly. 
Therefore, the government was forced to pass a 
law that no one, no matter who he was, could 
set fire to the fallen leaves in the forests without 
being liable to a heavy fine. This was un- 
doubtedly beneficial to the forest. The law did 
not inconvenience the ticks, in fact it has been 
to their advantage. Since its enactment they 
have been able to multiply in peace and quiet. 
It would seem that if these pests continue to 
increase in the future as they have in the past 
few years, this otherwise desirable part of the 
world may become a difficult place in which to 
live. If the leaves must be burned and as a 
consequence all young trees destroyed the coun- 
try will soon be without forests. The many 
iron works will be forced to close for lack of 
charcoal and fuel. If the leaves are not burned, 
the inhabitants can not keep many domestic 
animals because of this pest, unless an ointment 
is found which may be used on the cattle with- 
out injuring them, and which will at the same 
time act as a repellent to the wood tick. The 
animals must be pastured in the forests because 
the terrific summer heat burns up the plants and 
grass in the open fields. This small vile creature 
may, in the future, cause the inhabitants of this 
land great damage unless a method is discovered 
which will prevent it from increasing at such a 
shocking rate. 

It is evident from the description of this insect 
and its characteristics that it resembles Acarus 
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ovinus or festing which is described by Archiater 
and Knight von Linné in both his Fauna Svecica 
1192 and his Oldndska och Gottlindsk Resa, p. 
62 and 126. It may be the same as this one or a 
variety of it. The wood tick seems to be some- 
what different from the festing. We would com- 
plain in Sweden if the festing were to increase in 
our woods and create such havoc as the wood 
tick does in America. During my travels in 
America, this creature caused me to realize how 
unaware we are of blessings the good Lord has 
given Sweden. We praise the favors which the 
lands of the south have received but forget their 
drawbacks. Here in Sweden we can without in- 
convenience wander in the woods. If we be- 
come tired we may sit on the ground and rest. 
During the summer, if we tire of sitting inside 
we can take a book and walk out into the woods 
to a beautiful spot or we may sit under a heavy- 
leaved tree in order to entertain and gratify our 
senses. However, in America one can not enjoy 
such pleasure. If I did decide to walk in a grove 
near the yard or sit with a book in the deep shade 
of a tree, I would scarcely have read half a page 
before I became aware of vast troops of wood 
ticks crawling up my clothes. Quite possibly 
many were already billeted on my bare body, and 
I set about killing them. It frequently took 
several hours to get rid of all of them. Should 
the objection be raised that we have gnats, 
mosquitoes, gadflies and snakes which make 
walking in the woods unpleasant and dangerous 
during the summer, I would reply that all the 
creatures mentioned are much worse in North 
America than in Sweden. There are more types 
of dangerous and poisonous snakes in North 
America, and they are far more numerous than 
ours. We need have no fear of black snakes 
which pursue people and strangle them, or of 
the rattlesnake which may cause death in a 
matter of minutes, or of the false rattlesnake for 
whose bite no cure has been found. Neither 
need we fear the green snake which strikes its 
victim on the face, neck or head, and can scarcely 
be detected because its color is identical with 
the leaves of the tree where it lies concealed. 
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The position which Phlebotomus occupies in the 
family Psychodidae has been discussed by 
several previous students, notably Meunier (1905) 
Alexander (1929), Tonnoir (1935), Enderlein 
(1937), Parrot (1951) and Theodor (1948). In 
addition, Edwards (1926) and Crampton (1925), 
give valuable discussions on the relationships of the 
Psychodidae as a whole. Recent discovery of 
related genera (Hertig 1948, Fairchild 1949) has 
induced me to reexamine the question, taking 
into consideration the known fossil species as 
well as the living representatives of the family. 

It is now generally accepted that the Diptera 
are descended from some Mecopteralike ancestor, 
and it is believed that the genera Bruchomyia 
and Nemopalpus are among the most primitive 
living members of the order (Alexander 1929, 
Fairchild 1952). A comparison of the wing vena- 
tion of a species of Nemopalpus and a fossil 
mecopteran belonging to the Suborder Proto- 
diptera (Permotipula sp.) shows their great 
similarity (Figs. 1 and 4). In any event, Brucho- 
myia and Nemopalpus are undoubtedly the least 
specialized Psychodidae, and I believe are closest 
to the basic stock from which the other Psycho- 
didae have been derived. 

Differentiation from Bruchomyia, or a similar 
progenitor, has followed several pathways, and 
different structures have developed in an un- 
correlated manner. Since wing venation is gen- 
erally believed best to show relationships among 
insects, and is the character most likely to be 
preserved in fossil forms, it will be discussed 
first. In regard to the correct interpretation of 
the venation in the Psychodidae, there seems 
to be some disagreement. The Comstock-Need- 
ham interpretation, which Alexander (1929) and 
Tonnoir (1935) have used, indicates a radius with 
five branches and a media with four branches. 
Dampf (1947) however, following Hendel (1936) 
and others, interprets the venation of Phlebotomus 
as having a four-branched radius and a five- 
branched media. The problem appears to hinge 
upon which of the two transverse veins, joining 


‘Costs of publication are paid by the Gorgas Memorial 
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R; of the Tonnoir interpretation to the veins 
posterior and anterior to it, is a cross vein and 
which is the true base of the vein. It is generally 
believed that true primary veins can be told 
from the secondary cross-veins by the fact that 
they bear macrotrichiae. However, in the case 
of most Phlebotomus and other Psychodidae, 
neither of these transverse veins usually bears 
macrotrichiae. I have examined specimens of 
three species of Bruchomyia and seven of Nemo- 
palpus, as well as Sycorax silacea, Hertigia hertigi 
and three species of Warileya. In none of these 
does either transverse vein bear macrotrichiae 
for its full length except in one wing of a specimen 
of \. antillarum Fchld., and in this case it is the 
anterior vein. In several cases one or both 
transverse veins bear macrotrichiae on 14 or 34 
of their length from R;, but there is little con- 
sistency as to which vein bears the greater area 
of macrotrichiae, even in the same specimen. It 
is to be noted, furthermore, that the base of 
Mz and the bases of M; and Ms, often also lack 
macrotrichiae. In the case of Ms; and M,, 
macrotrichiae are usually present at the base 
where these veins join M in Nemopalpus and 
Bruchomyia. In Sycorax the bases of M3; and 
M;, are connected by a short transverse vein 
bearing macrotrichiae, but the transverse veins 
connecting with M anteriorly and Cu posteriorly 
are bare. In Warileya and Hertigia, on the other 
hand, the transverse vein connecting the bases of 
M; and Msg is bare, while M; joins M evenly 
with no break in the macrotrichiae, and Ms, 
joins Cu as if it were a continuation of that vein, a 
condition also usually true in Phlebotomus. 

The positions of the various forks of the radial 
and median systems in relation to the r-m cross 
vein might be expected to give some clue. In all 
the genera examined except Nemopalpus and 
Bruchomyia the posterior transverse vein (r-m) 
is proximal to the fork of M:—-Me, but in these 
genera it may be proximal, at the same level or 
distal. The case is similar with the anterior 
transverse vein (base of R;), which may be prox- 
imal, at the same level, or distal to the most 
basal fork of the radial sector. That the radial 
sector was originally four-branched would cer- 
tainly seem to be suggested by the venetation of 
Permotipula (Fig. 1), and that the dichotomous 
condition shown by both R and M in this insect 
is also a primitive feature seems a reasonable 


182 





Fairchild: Classification of Phlebotominae 


assumption, for it is retained in Bruchomyia, 
Nemopalpus and Hertigia. Since Permotipula 
has no r-m cross vein there seems good reason to 
suppose that the most posterior vein in its radial 
field is really R; rather than Mi, and since the 
venation of Bruchomyia and other Psychodidae 
appears to be homologous, it seems best to con- 
sider that the vein in question is R; rather than 
M;. Dampf’s interpretation (1947) of the median 
veins in Phlebotomus also seems open to question. 
In Phlebotomus M; and My are separate at 
their bases or connected by a bare cross vein, but 
in most other genera of the family they are either 
stalked, (Diplonema, Eophlebotomus, Horaiella) 
joined at the base (Bruchomyia, Trichomyia), or 
joined by a transverse vein bearing macrotrichiae 
(Sycorax, Eatonisca), so that it seems reasonable 
to suppose that the general reduction of the anal 
and cubital fields consequent on the narrowing of 
the base of the wing in Phlebotomus may have 
given rise to the observed condition. It is, of 
course, possible that M; and My, have fused into 
a single vein in Phlebotomus, a continuation of the 
stalked condition in Eophlebotomus, and that M, 
is actually Cui, but there is not any very good 
evidence for this. 

The statement that the Trichomyiinae have the 
veins R, and R; fused into a single vein, recently 
repeated by Vargas and Diaz Najera (1953), 
does not appear to be correct. In no psychodid 
is there any evidence for this in the form of 
partial fusion from either the distal or proximal 
ends. The forking of Ry and R; is always in 
the basal half of the wing. On the other hand, 
there is considerable evidence that Re and R; 
have fused to form a single vein in the Trichomyi- 
inae, that this fusion has taken place from the 
base outwards, and that it has been accompanied 
by a distal migration of the Re + 3;—R, fork. 
The tendency to a shortening of Re and R; is 
marked in many species of Phlebotomus, especially 
in the subgenus Sergentomyia, in Eophlebotomus 
and in Phlebotomiella. In all these also the Re +3 
—R, fork has moved distally beyond the level 
of the Ry—R; fork. In Trichomyia and in 
Sycorax, where Re and R; have fused, it is quite 
common to find the tip of Re + 3 forked or with a 
short stub (Fig. 12) a clear indication of the 
originally dual condition of this vein. The 
venation of Horaiella also seems best interpreted 
on the same basis, though here the Re + 3;—R, 
fork has remained proximal to the Ry — R; fork, 
as in Bruchomyia and Nemopalpus. 

The vestigial vein present at the extreme base 
of the wing in many genera does not seem to 
have been clearly interpreted. In Permotipula 
there appear to be two cubital veins, parallel and 
close together. In Bruchomyia, Nemopalpus and 
a few other genera, there is a vein-like thickening 
close to and parallel with the basal part of Cu, 
which may represent the second cubital. In 
Phlebotomus this is represented by a fold in the 
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wing. Trichomyia shows a spur on the cubitus, 
as does Bruchomyia, which may indicate an 
originally stalked two branched vein different 
from Permotipula. The short vestigial vein 
present posterior to the Cubitus and its accompany- 
ing fold, best seen in Trichomyia and Sycorax, but 
clear enough in Bruchomyia and Nemopalpus, 
is probably best interpreted as an anal vein, as 
high magnification indicates it is not connected 
with the Cubitus at its base. 

In Bruchomyia (Fig. 2) all four branches of the 
radial sector are preserved and the branching is 
dichotomous. Rg: and R; fork quite close to their 
common union with R, so that they are rela- 
tively long, the r-m cross vein is close to the fork 
of M:—Mse, Cu: is long, about half the length 
of Mg, there is a short spur upon it which may 
be a vestige of Cue and there is a single anal 
vein. In Eutonnoiria edwardsi (Tonn.) the vena- 
tion is the same, except that Cu; is considerably 
shorter and without the short spur. In Vemo- 
palpus flavus Macq., (Fig. 3) a further shortening 
of the cubitus has taken place, so that it is not 
much more than twice as long as the m-cu cross 
vein. The remaining species of Nemopalpus 
show several further modifications in venation. 
There is a tendency for the stalk of Re + 3 to 
become longer and at the same time the r-m 
cross vein moves distally so that Re and Rs; are 
quite short and M; + 2 forks quite far basally 


of the cross vein, culminating in the condition 


found in N. dampfianus Alex. and JN. pilipes 
Tonn. (Fig. 4). Or the Re + 3; fork moves dis- 
tally while the M; + 2 fork also moves distally, 
culminating in such species as \V. arroyi de Leon. 

In Hertigia (Fig. 6) the radius is still dicho- 
tomously branched, though R; forks quite close 
to the division of Ry and Re + 3, while Cu; is still 
further reduced and the anal vein is little more 
than a vestigal fold. In Warileya (Fig. 7) the 
radius becomes pectinately branched by the 
further displacement proximally of the point of 
junction of R; with R,. In Phlebotomus (Fig. 8) 
this tendency is carried still further, combined 
with a great narrowing of the wing and a move- 
ment of the Re—R; fork towards the apex of the 
wing. The culmination is reached in certain 
species of the subgenus Sergentomyia (Fig. 9) 
where R2+; forks well beyond the apex of R,, 
causing Re to be only a fraction of the length of 
its stalk. Cu, is further reduced in Phlebotomus, 
being hardly demonstrable in most species. The 
fossil Phlebotomiella tipuliformis Meun. (Fig. 10) 
from Baltic amber shows a venation similar to 
Phlebotomus, but has diverged along a slightly 
different line, since the forks of Re+3+4 and 
M:+2 have all moved towards the apex of the 
wing. 

In Eophlebotomus connectans Coq., a fossil 
species from Burmese amber, a different line of de- 
velopment can be seen (FiG. 5). In this species 
all the veins are still preserved as in Nemopalpus, 
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but the wing has become shortened and rounded. 
The cubitus is short, the forking of R; from the 
radial sector is now proximal to the forking of R,, 
while the fork of Re + ; is quite far distal on the 
wing, so that R, is pectinately branched as in 
Warileya. It differs from this genus however, in 
the shortened Re and R;, and in having developed 
a long stalk on M3+4. 

Sycorax (F1G. 14) seems to be another somewhat 
different line of development, resembling in 
some respects Trichomyia. Here the fork of Re 
and R; has moved out to the wing margin, so that 
R.+; has become a single vein. Not infrequently, 
as also in Trichomyia, a short vestige of R; re- 
mains near the apex of the vein. Unlike Tri- 
chomyia, however, there is no tendency for M3+4 
to be stalked, and Cu; is reduced to a short spur 
no longer than the m-cu cross vein. 


Trichomyia (Fic. 12) and two fossil genera, 
Eatonisca and Diplonema, (Fic. 11 and 13) show 
the same fusion of Re and R; as Sycorax, but have 
a long and well developed cubitus. Trichomyia 
has M; and M, joined at or close to their common 
origin at the base of the wing, in Diplonema there 
is a stalk of appreciable length, while in Eatonisca 
the condition is as in Sycorax and Phlebotomus. 

The peculiar genus Horaiella Tonn. (Fic. 15) 
combines certain features of Sycorax and Tri- 
chomyia. It has the fused Re+3 of Sycorax and 
Trichomyia, the stalked M;+4 of Trichomyia, but 
Cu is reduced to a minute vestige at the base of 
the wing. Both m-cu and r-m cross veins are 
absent and Re+; arises from Rs proximal to Rs, 
an arrangement similar to Nemopalpus, but un- 
like Sycorax and Trichomyia, though approached 
by Eatonisca.’ 

The more typical Psychodidae represented by 
such genera as Psychoda, (F1G. 16) Pericoma and 
Telmatoscopus appear to have developed along 
somewhat different lines. Here there has been 
no fusion, shortening, or loss of veins. Instead 
of a lengthening and narrowing of the wing, there 
has been, in general, a broadening and shorten- 
ing, except in the genus Maruina. The forks of 
all the veins have tended to move towards the 
base of the wing, the cross-veins have tended to 
disappear and even the bases of veins have be- 
come faint or disappeared. In Maruina (FIG. 17) 
the wing has become secondarily narrowed and 
pointed, R; and Mg have lost their bases and are 
attached only to the wing margin, while the 
forks of Re+s and Rs; and M3+4 are all close 
to the wing base. The r-m and m-cu cross veins 


‘After completion of the manuscript and figures of 
this paper, I was enabled to examine the holotype of 
Horateila kuatunensis Alex. through the courtesy of Prof. 
C. P. Alexander. Under high magnification the wing 
shows a definite though faint r-m cross vein situated 
between the base of the radial sector and its first bifur- 
cation. There are also connections between the bases 
of M; +2 and M3;+4, as well as between the latter and the 
remnants of Cu. 
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have been lost, but the wing retains all the original 
veins, except for great reduction in the subcosta. 

The interpretation of the venation of Psychoda 
given by del Rosario (1936) differs from the one 
accepted here in considering the media to have 
but three branches, the two most posterior veins 
in the wing being Cu; and Cue+ 2nd A. An 
examination of the wing base of mounted and 
stained material of Psychoda available to me 
shows the base of the next to last vein attached 
to M; rather than to Cu, much as in my figures of 
Warileya and Hertigia. Many of del Rosario’s 
figures of wings; e.g., that of P. pusilla, show this 
condition clearly, while none show the condition 
illustrated in his diagram (Text Fic. 1, p. 90). 
It is, of course, possible that the Psychodinae 
have lost one median vein by the fusion of Ms; 
and M;, through a distal migration of the fork to 
the wing margin, but there seems no strong 
evidence that this has occurred. 

The head and its associated structures show 
several features of possible significance. In 
Bruchomyia, Nemopalpus, Hertigia, Warileya, Phle- 
botomiella and Phlebotomus the palpi are five 
segmented, although the first segment is often 
poorly demarkated from the second. In all the 
remaining genera of the family the palpi are four 
segmented or rarely, three segmented. The 
mandibles are present and presumably functional 
in Hertigia, Warileya, Phlebotomus, Sycorax and 
Horaiella, the first four of which are known to be 
haematophagous. (I have been unable to cer- 
tainly see mandibles in any of the species of 
Bruchomyia or Nemopalpus personally examined, 
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Plate 1. The figures are derived from various sources 
and are not to a uniform scale. Fic. 1, Permotipula sp. 
Redrawn from Tillyard (1937, Nature 139:66) Fic. 2, 
Bruchomyia fusca Barr. Redrawn from Fairchild (1952). 
Fic. 3. Nemopalpus flavus Macq. Redrawn from Becker 
(1908 Mitt. Zool. Mus. Berlin 4 (1) Pl. 2, fig. 28). Fic. 4, 
Nemopalpus dampflanus Alex. Redrawn from Fairchild 
(1952). Fic. 5, Eophlebotomus connectans Ckll. Redrawn 
from Edwards (1929 Ann. Mag. N. H. 3 (16): 424). Fic. 6, 
Hertigia hertigi Fchld. Redrawn from Fairchild (1949). 
Fic. 7, Warileya phlebotomanica Hertig. Redrawn from 
Hertig. (1948). Fic. 8, Phlebotomus barrettoi Mang. 
Redrawn from Fairchild and Hertig (1953, Ann. Ent. 
Soc. Amer. 46 (1) Fic. 12). Fic. 9, Phlebotomus dolicho- 
byssus Fchld. Redrawn from Fairchild (1952, Proc. 
Linn. Soc. N. S. Wales, 77 (3-4): 205 Fic. 70). Fic. 10, 
Phlebotomiella tipuliformis Meun. Redrawn from Meun- 
ier (1905, Ann. Mus. Nat. Hung., 3:235). Fic. 11, Dip- 
lonema buceras Loew. Redrawn from Loew (1845 Dipt. 
Beitr. 1:7). Fic. 12, Trichomyia urbica Hal. Original 
from specimen in U.S. N. M. Fic. 13, Eatonisca tertiaria 
Meun. Redrawn from Tonnoir (1933). Fic. 14 Sycorax 
sp. Original from an undescribed species from Panama. 
Fic. 15, Horaiella consimilis Tonn. Redrawn from 
Tonnoir (1933). Fic. 16, Psychoda phalaenoides Linn. 
Redrawn from del Rosario (1936 Philip. J. Sci., 59 (1) 
Pl. 1, Fic. 6). Fic. 17, Maruina lanceolata Kine. Orig- 
inal from specimen in U. S. N. M. Fic. 18, Sycorax 
stlacea Hal. Spermathecae. Original, drawn in phenol 
from a specimen from England. 
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and no reports of their presence, or of biting 
habits, have been verified for any other Psychodi- 
dae.) The antennae have the segments gener- 
ally long and slender, usually cylindrical, and 
with the first flagellar segment markedly longer 
than the succeeding ones in Bruchomyia, Nemo- 
palpus, Hertigia, Warileya, Phlebotomus, Hora- 
iella, Sycorax and at least some species of Tricho- 
myia. ‘The fossil genera Eatonisca, Eophlebotomus 
and Diplonema I am unable to check; Phleboto- 
miella has long antennal segments. The remain- 
ing genera tend to have the flagellar segments 
pyriform or flask shaped, and the segments 
relatively considerably shorter. 

The structures of the male genitalia, so exten- 
sively used in specific differentiation, also show 
features of importance in delimiting higher cate- 
gories. The genitalia of all Psychodidae, except 
Sycorax and possibly Horaiella, are rotated 
through 180° after eclosion, so that the mor- 
phologically ventral parts become dorsal in the 
adult insect. Here again Bruchomyia appears to 
have the simplest structures, consisting of a pair 
of morphologically ventral clasping organs arising 
from the ninth sternite and consisting of a fairly 
simple coxite and styles, a median intromittent 
organ, a simple unmodified ninth tergite, and well 
developed cerci. In Nemopalpus the styles tend 
to become more complex in structure, while more 
or less complex periphallic structures may be 
present. In Hertigia, Warileya and Phlebotomus 
there are definite parameres, the intromittent 
organ has become bifid with a tendency to the 
development of long tubular genital filaments and 
a concomitant movement of the genital pump 
from the ninth segment forward into the abdom- 
inal cavity. The ninth tergite now bears lateral 
lobes varying from short thumb-like processes to 
very long slender structures, occasionally with 
modified setae at their tips. These lobes, how- 
ever, are never truly jointed at the base. In 
Sycorax the coxite and styles are much as in 
Hertigia, parameres are present, at least in some 
species, but the intromittent organ appears to 
be simple in some species, or with long genital 
filaments in others, though these appear to be 
of different structure than those of Phlebotomus. 
The ninth tergite lacks lobes and cerci are present 
in some species (Tonnoir 1929), while others ap- 
pear to have cercopods (Satchell 1950). In 
Trichomyia the genitalia are much modified and 
the homologies difficult to make out from available 
descriptions and the little material available to 
me. The coxite and style are well developed in 
some species, apparently reduced in others. The 
aedeagus may be simple or complex and _ sur- 
rounded by one or more pairs of paramere-like 
structures, while the cerci and ninth tergite seem 
to be involved in the formation of various finger 
like lobes, though true cercopods do not seem 
to occur. Horaiella seems to have genitalia of 
the same basic pattern as Sycorax, though in two 
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species small lobes have developed on the ninth 
tergite. Not enough is known of the genitalia of 
the fossil genera for conclusions to be drawn, 
though the figures of Phlebotomiella seem to in- 
dicate genitalia of the general type of Phlebotomus 
(Fairchild 1951). The genitalia of the remaining 
genera appear to be characterized by a great 
development of the lateral lobes of the ninth 
tergite into true jointed claspers, the cercopods. 
Since cerci appear to be absent, it is also possible 
that the cercopods are modifications of these 
structures rather than of lobes of the ninth ter- 
gite. The coxites and styles are present, generally 
of rather simple structure, sometimes almost vesti- 
gial. The aedeagus is usually heavily sclerotized, 
often complex in structure, not infrequently 
asymmetrical. 

The external female genitalia are quite uniform 
and simple in Hertigia, Warileya, Phlebotomus, 
Sycorax and Horaiella, consisting of a pair of 
generally short and flattened lobes on the ninth 
sternite and of fleshy, somewhat flattened, small 
cerci. There is some variation in shape, but 
never a modification into a sclerotized ovipositor. 
In Bruchomyia the lobes of the ninth sternite are 
long and fingerlike and the sternite is completely 
divided, while in Nemopalpus the lobes are finger- 
like on the end of an undivided plate, or form 
part of what may be some sort of ovipositor (NV. 
dampfianus). In Trichomyia the lobes of the 
sternite are absent, replaced by a single ridged 
plate, and the cerci are large, flattened and paddle- 
like. In the remainder of the genera, the ninth 
sternite seems to form the ventral piece of a true 
ovipositor, the cerci being more or less modified 
to form the lateral plates. These structures do 
not seem to have been described in sufficient 
detail for comment in any of the fossil forms. 

The internal genitalia consist of various sclero- 
tized pieces whose homologies do not seem to 
have been worked out. The spermathecae are 
important in the classification of Phlebotomus, but 
have not been much studied in the other groups. 
They are paired hollow structures of varied 
shape in Phlebotomus, Warileya, Hertigia, Sycorax 
and Trichomyia, opening separately or through a 
common duct into the vagina. Jung (1954) ap- 
parently did not see the true spermathecae in 
Sycorax, and since there appear to be no pub- 
lished figures of these structures, one is included 
here, drawn from a specimen of S. silacea cleared 
in phenol. (Fic. 18). In the species of Nemo- 
palpus and Bruchomyia in which they have been 
seen, they are large single sac-like structures 
often lined within with setae and opening by a 
single slender duct. The spermathecae of Psy- 
choda according to Satchell (1953) are heavily 
sclerotized organs of quite different structure. 
The larvae of the various genera are known to me 
only from the literature, and there are many 
gaps to be filled here. That of Bruchomyia ar- 
gentina Alex. has recently been described by 
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Satchell (1953) who finds it very like the larva of 
Phlebotomus. Both are generalized terrestrial 
forms. The larvae of Sycorax and Horaiella have 
developed a ventral sucker as an adaptation to 
life in water falls, a modification which, with 
others, may tend to obscure their relationships. 
Tonnoir (1933) feels that the larva of Horaiella is 
closer to Sycorax than to other Psychodidae. 
The larvae of Psychoda are also modified for 
aquatic or semi-aquatic life, but in other direc- 
tions, while Maruina seems to show modifications 
parallel to those of Horaiella in response to life 
in running water. Trichomyia larvae are special- 
ized wood borers. Satchell (/.c.) states that 
larvae of Phychodidae can be divided into two 
sections, those with a tubular respiratory siphon, 
and those without a siphon. He places Sycorax, 
Trichomyia, Phlebotomus and Bruchomyia in the 
latter group, to which should probably be added 
Horaiella. Psychoda and allied genera by in- 
ference are placed in the first group. 

In view of the considerations discussed above, 
I believe the Phlebotominae are more closely 
related to the Bruchomyiinae than to the Tricho- 
myiinae or Psychodinae and that the two groups 
are best combined into a single subfamily, where 
they will stand as tribes. I give below a partial 
key to the subfamilies and tribes, carried to 
genera in the case of the Trichomyiinae and to 
subgenera in the Phlebotominae. The classifica- 
tion here suggested and the probable relation- 
ships of the groups are shown schematically in 
the accompanying text figure (Fic. 1) and in 
the key. An arrangement involving the treat- 
ing of Sycorax, Horaiella and Bruchomyia and 
Nemopalpus as subfamilies, as has been done by 
some recent students (Alexander 1953; Jung 
1954), seems to me unnecessary. Carried to 
its logical conclusion, it would necessitate the 
creation of an additional subfamily for Eophle- 
botomus and probably also for Maruina and some 
other aberrant forms now included in the Psycho- 
dinae. This would result in seven or eight 
subfamilies, most of which would be monotypic, 
and would, it seems to me, obscure rather than 
clarify the relationships within the family. Even 
Enderlein (1937), noted as he was for the erection 
of new categories, recognized but five subfamilies 
in the Psychodidae. The tribal category is 
available for those who feel that the nomen- 
clature should reflect relationships in more detail 
than the present arrangement. 

The fossil genera discussed above have been 
omitted from the key, as they are as yet too im- 
perfectly known. Eatonisca and Diplonema seem 
to belong clearly in the Trichomyiinae and closer 
to Trichomyia than to Sycorax.* Phlebotomiella I 

‘After the preparation of this study was completed, 
Dr. G. Satchell (in litt.) informed me that he believes 
Diplonema Loew to be inseparable from Trichomyia 
Haliday in Curtis, and will place it in synonymy in a 
forthcoming paper. 
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believe is best placed in the Phlebotominae, 
while Eophlebotomus apparently represents a 
condition somewhat between the Trichomyiinae, 
especially Sycorax, and the Phlebotominae. Its 
venation differs from Sycorax in retaining Re 
and Rs; as separate veins, though they are short, 
and in having M; and M, stalked, as in Horaiella 
and Diplonema. It differs from Warileya in the 
Phlebotominae by the shorter Rz and R3, in having 
M; and M, stalked, and in the retention of an 
appreciable cubitis. The genus Lepria Enderlein, 
founded for a recent species from Costa Rica, 
has also been omitted, as the description is wholly 
inadequate. Eubonetia Vargas and Diaz Najera 
I believe is a synonym of Lepria, differing from 
the latter only in the presence of a short sub- 


Sycorax 
Horgiella 


Trichomyia Eatonisca 


Diplonema 
Phiebotomielia 


Phiebotomus 
Warileya Se 
Eophliebotomus 
Nemopolpus 


E utonnoiria 


TRICHOMYIINAE 


PSYCHODINAE 


Bruchomyia 


PHLEBOTOMINAE 


PROTODIPTERA 


Text figure 1. Schematic representation of the phylogeny 
and relationships of the Phlebotominae and Tricho- 
myiinae. 


costal vein, which may well have been overlooked 


by Enderlein. The distinctness of both these forms 
from Trichomyia is doubtful, and final decision 
must await more complete information. Ter- 
mitodipteron Holmgren 1905, is also omitted, as I 
have not seen the description. It is placed by 
Tonnoir (1929) in the Trichomyiinae with a 
query. Finally it may be noted that of the 
recent genera the following are also known as 
fossils, mostly from the Baltic Amber or Burmese 
Copal: Nemopalpus, Phlebotomus, Trichomyia, 
Sycorax, Pericoma and Psychoda. 
KEY TO SUBFAMILIES, TRIBES, GENERA AND 
SUBGENERA 
Feces With 0: DTADONES 5 6. os kia wl een dacs 2 
Radius with 4 branches, R. and R; fused into a 
single vein (7 richomytinae) eee ae 
Palpi with 5 segments (Phlebotominae)........... 3 
Palpi with but 4, rarely 3, visible segments...... 
(Psychodinae) 
Mandibles present and functional; bloodsucking. 
Spermathecae paired, intromittent organ bifid 
and with lateral lobes on ninth tergite. (Phle- 
botomint) 
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Mandibles absent or rudimentary, not bloodsucking. 
Spermatheca single, intromittent organ not bifid 
and no lateral lobes on ninth tergite (Brucho- 
Sc) a 

Cubitus short, hardly 
dibles present . 

Cubitus long, sev ‘eral 
Mandibles absent 

No r-m cross vein. 
from base of wing. 
sector proximal to R, 

r-m cross vein present. 

forking at level of m-cu. 


longer than m-cu. Man- 
as m-cu. 
Trichomyia. 
M; and M, stalked, forking far 
R. + 3; branching from the 
Horaiella 
M; and "My not stalked, 
R. +; and R, forking 
distal to emission of R;. Sycorax 
Antennae of 16 segments. Vein C U1  diaiet, generally 
not over twice length of m-cu cross vein 
. .Nemopalpus 
Vein Cu; 


‘times as long 


Antennas 21€ ‘of more than 16 segments. 
long, over one third length of M, 


Antennae of about 30 segments. Ascoids in the 
form of peltate disks. Coxite with a subapical 
tuft of modified setae Bruchomyia 

Antennae of 113 segments. Ascoids slender and 
forked. Coxite without a tuft of setae. Eutonnoiria 

Radius dichotomously branched, at least R; not 
forking from R, proximal to Ry. Lateral lobes 
of ninth tergite very short, shorter than cerci. 
Cibarium without teeth. Palpal formula 1—4 
oe eee Hertigia 

Radius pinnately ‘branched, R; always arising 
proximal to Ry. Lateral lobes always longer 
than cerci. Palpal formula never as above 

Wing broad and rounded, R; arising close to Ry so 
that gamma is very short. Coxite short and 
rounded, shorter than style. No pleural setae. 
Cibarium without teeth. ; . Warileya 

Wing usually long and slender, ‘often ‘pointed. 
Gamma never so short. Coxite always consider- 
ably longer than wide and at least as long as 
style. Pleural setae present or absent. Cibarium 
with or without teeth Phlebotomus 

Postspiracular pleural setae absent, except in P. 
sguamipleurts which has short broad scales. 
Fifth palpal segment always the longest. Old 
World species... .. 1] 

Long, narrow or ligulate ‘setae "present on upper 
border of anepisternum and lower border of 
mesanipisternum. Frequently with third palpal 
segment the longest. New World species .12 


Cibarium without teeth, or the teeth radehientary 
or few, not forming a comblike row. Abdom- 
inal hairs erect, not recumbent or scale-like. 
Male genitalia and female spermathecae diversi- 
fied, the latter usually annulate. Usually with 
fourth palpal segment the shortest. 

(Subgenus Phlebotomus) 

Cibarium with well dev eloped teeth, usually numer- 
ous and generally forming a comb-like row. Ab- 
dominal hairs all or largely recumbent and scale- 
like. Male genitalia quite uniform, female 
spermathecae generally smooth, or at least rarely 
annulate. Usually with second palpal segment 
the shortest (Subgenus Sergentomyia) 

Third palpal segment the longest, fourth the 
shortest, very rarely the third and fifth segments 
subequal. Coxite without a basal tuft of setae. 
Style with 2 to 5 major spines, not set on long 
tubercles. Parameres simple or very complex. 
Cibarium with 4 or more horizontal teeth, nu- 
merous erect teeth, a strong chitinous arch and a 
well marked pigment patch. Pharnyx unarmed. 
Spermathecae annulate, the rings often imbri- 
cated and the terminal knob large and conspicu- 

Abdominal setae often in part scale-like and 

(Subgenus Psychodopygus) 


ous. 
recumbent. 
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Fifth palpal segement the longest, or if subequal 
to the third, then the coxites bear a basal tuft of 
setae or the styles are deeply bifid or the sper- 
methecae quite otherwise 

13. Third and fifth palpal segments subequal or the 
fifth longest. Coxite without basal tuft. Style 
with four spines, deeply bifid. Parameres with 
modified setae. Spermathecae with heavily 
sclerotized associated structures 

(Subgenus Viannamyia) 

Fifth palpal segment generally clearly the longest, 
if subequal to third, the coxites bear a basal tuft 
of setae or the parameres are modified; styles 
various, but never bifid. Parameres simple, 
armed or modified in various ways. Sperma- 
thecae various, but never with sclerotized associ- 
ated structures......... (Subgenus Brumptomyia 


The further classification of the insects now 
placed in Phlebotomus in the broad sense is beset 
with difficulties of two kinds, nomenclatorial and 
morphological. On the purely nomenclatorial 
side the name Phlebotomus is now firmly estab- 
lished in the medical as well as entomological 
literature as the name for the bloodsucking 
psychodid sandflies. Any attempt to rename or 
separate off a considerable part of these insects 
would lead to much confusion, and, in my opinion, 
would be unjustifiable on practical grounds. 
From the morphological and taxonomic stand- 
point, however, the type of the genus Phlebotomus, 
P. papatasi Scop., is a rather aberrant form, and 
were the sandflies of no economic interest, most 
of the other species would long ago have been 
placed in separate genera. The case of the genus 
Anopheles among mosquitoes is in many ways 
parallel. Here a very considerable number of 
names were proposed for segregates believed to 
be of generic rank, but through the genius of 
Edwards (1932) the resulting confusion was 
clarified and a workable and satisfactory system 
of classification devised which preserved the eco- 
nomically important name Anopheles for the ma- 
laria carrying mosquitoes. 

An attempt has been made below to subdivide 
Phlebotomus into subgenera, groups and series. 
In the case of the Old World species, the system 
devised by Theodor (1948) has been modified to 
overcome certain criticisms and to bring it into 
line with the system proposed here for the New 
World species. In the case of the New World 
species, the arrangement suggested below will be 
subject to considerable revision as the species 
become better known. The fact that consider- 
ably less than half the described species are 
known in both sexes has greatly hampered the 
devising of a workable arrangement. 


Genus Phlebotomus 
Subgenus Phlebotomus 
Group Papatasi (= Phlebotomus s. s. of Theodor) 
Series Major (= Synphlebotomus, Larrousius, 
Adlerius and Euphlebotomus of 
Theodor) 
Series Sergentt (= Paraphlebotomus and Ana- 
phlebotomus of Theodor) 
Group Brevifilis (= Austrophlebotomus of Theodor) 
Group Gigas (= Spelaeophlebotomus of Theodor) 
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Subgenus Sergentomyia 
Group Minutus (= Sergentomyia s. s. of Theodor) 
Group Hos pitit (= Sintonius of Theodor) 
Group Mirabilis (= Spelaeomyia of Theodor) 
Subgenus Psychodopygus (= Shannonymyia Dyar, 
Shannonmyina Pratt.) 
Group Panamensis (= Shannonomyina Fchld. & 
Hertig 1951) 
Group [ntermedius 
Subgenus Viannamyia 
Subgenus Brumptomyia 
Group Brumpti (= Brumptomyia auct.) 
Series Brumpti 
Series Vexator 
Group Vespertilionis 
Group Triacanthus (= Pressatia Mang.) 
Series Triacanthus 
Series Fischeri (= 
Group Anthophorus 
Group Cayennensis 
Group Shannont 
Group Cructatus 
Series Cruciatus 
Series Verrucarum 
Series Migonei 
Series Walkeri 
Series Castrot (= Catromyia Mang.) 
Series Atroclavatus 
Series Baityt 
Series Longipalpis (= Lutzomyia Franca) 
Series [nfraspinosus (= Evandromyia Mang.) 
Series Castanheirat 
Series Servulolimat 
Group Longispinus 
Group Alphabeticus 


Pintomyta C. L.) 
(= Dampfomyia Addis) 


It may be useful to give a key to the groups of 
both Old and New World Phlebotomus, and one 
is here appended. Keys to the series must 
await the appearance of very considerably more 
information, especially in regard to the New 
World species. Following the key, however, will 
be found some discussion of the series proposed 
for the New World species, and a list of the de- 
scribed species placed in subgenera, groups and 
series. 


KEYS TO GROUPS OF PHLEBOTOMUS 


Subgenus Phlebotomus 
1. Style long and cylindrical with five spines, three of 
which are terminal. Parameres trifid, the dorsal 
arm long and setose. Lateral lobes with short 
spines at tip. Spermathecae annulate. Pharnyx 
WERUMUIANG - MMUIIITER SY os Sat sess oe Group papatasi 
- Style with 3 to 5 spines, never more than two of 
which are terminal. Lateral lobes unarmed. 
Pharnyx usually armed with scale-like or spine- 
like setae 2 
Style with four or five spines, when with five, two 
are terminal. Spermathecae with ducts and body 
clearly differentiated, usually annulate and with a 
discrete terminal knob. Pharnyx armed with 
large or small spines................ Group major 
Style with three or five spines only one of which is 
terminal. Spermathecae wrinkled or smooth, the 
terminal knob poorly defined or absent 
Style with three spines. Genital filaments short and 
heavy, little longer than the very large pump. 
Spermathecae with irregularly wrinkled or smooth 
ovoid body and slender ducts, the terminal knob 
small and sunk in a pit. Cibarium with four or 
more small but discrete horizontal teeth. Pharnyx 
densely armed with short and long hair-like spines 
Group brevifilis 
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Style with five spines, long and cylindrical. Genital 
filaments several times as long as the rather 
slender pump, and with a pair of paragenital scle- 
rotized rod-like structure on each side of the pump. 
Spermathecae membranous, not annulate, con- 
sisting of a pair of broad short tubes opening from 
a wide common duct and tapering irregularly to a 
slender apex bearing a small tuft of hairs. Ciba- 
ium without teeth. Pharnyx with a few scale- 
like teeth...+ Group gigas 

' 
Subgenus Sergentomyia 
1. Abdominal hairs normally all recumbent. Sperma- 
thecae tubular or ovoid generally smooth, less 
often wrinkled or with rows of spines, the terminal 
knob sunk in a pit or within a terminal funnel- 
shaped structure... .Group minutus 

Abdominal hairs not all recumbent. Spermathecae 
annulate, or if otherwise, lacking a terminal knob. . 2 

Style with four major spines, at least two of which 
are terminal. Spermathecae generally annulate, 
sometimes irregularly so and with a discrete 
terminal knob not sunk in a pit. Aedeagus sclero- 
tized . Group hospitii 

- Style with two m: 1jor spines, one of which is terminal 
Spermathecae large membranous sac-like struct- 
tures without terminal knob. Coxite with a tuft 
of long setae on inner aspect of base. Genital 
filaments short and heavy, their apices with a 
lateral process. Aedeagus membranous..... 

bake tet eae Group mirabilis 


Subgenus Psychodopygus 
Fifth palpal segment very short, never more than 
twice as long as fourth and generally less than 24 
as long as third. Cibarium with four to eight 
horizontal teeth and usually numerous erect teeth 
some of which are markedly enlarged. Abdomen 
usually with recumbent scale-like setae. Sperma- 
thecae with deeply imbricated annuli and with 
their ducts partly or wholly characteristically 
wrinkled or pleated. Parameres simple or complex 
Group panamensis 
- Fifth palpal segment longer, occasionally subequal 
to third. Cibarium always with more than four 
teeth, generally over ten, and with numerous erect 
teeth and strong pigment patch. Abdomen with- 
out scale-like setae. Spermathecae annulate, the 
annuli not imbricate, ducts smooth or weakly 
wrinkled. Style with four spines, parameres 
simple Group intermedius 


Subgenus Brumptomyia 
1. Style of male genitalia with five spines, two of which 
are terminal. Coxite with a tuft or patch of fine 
to heavy setae on inner aspect of base. Parameres 
simple or rarely armed. Cibarium with several 
rows of weak horizontal teeth (series Brumptt) or a 
single row of four or more horizontal teeth (series 
Vexator). Spermathecae annulate, with usually a 
sub-globose terminal annulus and a more or less 
well ener terminal knob, or — smooth 
Group brumpti 
Sty le ‘of mz ale genits alia with four or fewer spines, or 
if with five spines, only one is terminal and the 
coxite lacks a basal tuft. 
Coxite with a basal tuft of hairs or modified setae. 
Style with four or less spines 
Coxite without basal setae. 
five or more spines. 
Individual ducts of sperm ithecae short and heavily 
sclerotized, common duct usually wide and mem- 
branous. Style with three or four spines and a 
subterminal seta... . .Group triacanthus 
Individual ducts of spermathec: ae short or long, 
not sclerotized. Style as above. 


Style sometimes with 
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Spermathecae membranous, smooth or finely wrin- 
kled, often with large bladder-like subterminal ex- 
pansion or small globular excrescences. Ducts 
usually short, joining in a wide common duct. 
Style with three or four spines, the basal ones 
often reduced to slender setae. Cibrarium with 
four slender horizontal teeth. .Group vespertilionis 

Spermathecae smooth, wrinkled or annulate, gener- 
ally small, without bladder-like or globular ex- 
crescences, the ducts usually long and slender, 
opening separately or with a short slender common 
duct. Style with four spines, rarely with two 
paired terminally, usually with a subterminal 
seta. Cibarium with 4-12 teeth. Pharynx rarely 
armed with spines and tranverse ridges........ 

Group cruciatus 
with slender teeth, or small spines 
set on tubercles. Style with four spines, two of 
which are terminal and without subterminal seta. 
Cibarium with 5 to over thirty fine teeth forming a 
comb ....Group cayennensis... 

Pharynx unarmed. Style never with terminal spines 
paired. Cibarium with teeth not forming a comb. 

Ascoids with a long or short posterior prolongation. 
Style with four spines, generally without subter- 
minal seta. Spermathecae usually smooth, saus- 
age shaped or globose, less often wrinkled or tubu- 
lar, rarely annulate, the ducts smooth and slender, 
usually with a short to long common duct. Para- 
meres simple or with modified setae or rarely bifid 

5 Group shannoni 

Ascoids simple, without posterior prolongation. 
Style with three to five spines, generally with a 
subterminal seta. Spermathecae with wide mem- 
branous ducts or otherwise modified 

Style with four spines and a subterminal seta, the 
basal spine close to base of segment. Parameres 
bifid or trifid. Spermathecae pear shaped, finely 
wrinkled, with short smooth individual ducts and 
wide membranous common duct.Group longispinus 

Style with three, five or six spines, with or without a 
subterminal seta........ S 

Style with three or five spines and usually a sub- 
terminal seta. Parameres with long dorsal articu- 
lated setiferous arm. Spermathecae morulate, the 
slender terminal knob embedded between the seg- 
ments; ducts membranous, slender or wide. 
Cibarium with two to six broad, often blade-like 
horizontal teeth and usually one or more rows of 
fine lateral teeth. Eyes unusually small 

Group anthophorus 
one of which is 
terminal. Parameres simple. Spermathecae an- 
nulate with smooth slender ducts....... 
..Group alphabeticus 


In regard to the further subdivision of the Old 
World species, I do not feel qualified to comment 
in detail. I have, however, at the suggestion of 
Dr. Parrot, included two series in the Major 
group, those with five spines on the male style 
forming the series Major, those with four spines 
forming the series Sergenti. Further subdivisions 
of the minutus and hospitii groups of Sergentomyia 
may be found useful, but the working out of a 
suitable arrangement had best be left to those 
more familiar with Old World species. 

So far as the New World species are concerned, 
some further comments may be made. The sub- 
genus Psychodopygus includes species with a short 
fifth palpal segment. It seems to be quite well 
set off from other New World Phlebotomus on 
the basis of the characters in the key, but there 
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are a few species placed in other subgenera which 
may have a single character in common with 
Psychodopygus, such as a quite short fifth palpal 
segment, similar style, or similar spermathecae, 
while not having the combination of characters 
shown by Psychodopygus. The two groups into 
which the subgenus has been divided are for the 
most part clear cut, but P. lloydi Antunes appears 
to form a connecting link, if the sexes have been 
properly associated. In this species the male 
clearly belongs to the intermedius group, while 
the female has spermathecae typical of the 
panamensis group. We included it in Shannon- 
omyina (Fairchild & Hertig, 1950), since the name 
is based on the female. The subgenus as a 
whole is distributed widely from southern Mexico 
to Northern Argentina, though the Amazon valley 
appears to be near the center of distribution 
Many of the species are known to bite man and 
the larger domestic animals, and the subgenus 
probably contains more man-biting species than 
any other in the New World, including several 
possible or probable vectors of human leishmani- 
asis. The panamensis group includes those 
species placed in Shannonomyina by us in 1950, 
though Psychodopygus is the prior name and 
should have been used. The intermedius group 
includes the following species as well as several 
undescribed forms: intermedius Lutz & Neiva, 
whitmani Antunes & Coutinho, anduzei Roze- 
boom, apicalis Floch & Abonnenc, trapidoi Fair- 
child & Hertig, ylephiletor Fairchild & Hertig, all 
known in both sexes; flaviscutellatus Mangabeira, 
elongatus Floch & Abonnenc, known in the male 
sex only, and machicouensis Floch & Abonnenc, 
known only in the female. 

The subgenus Viannamyia includes a small 
group of species previously known only as males. 
We have recently come to the conclusion that 
certain females described by Floch and Abonnenc, 
and of which we have material also from Panama, 
in reality belong with these males. The char- 
acters of both sexes are so distinctive that it has 
seemed best to maintain the group as a separate 
subgenus. The species appear to be uncommon 
and the known range is from the Amazon basin 
to Panama. The included species are as follows: 
tuberculatus Mang., furcatus Mang., fariasi 
Damasceno, Causey & Arouk, known from males 
only, arborealis F. & A. and an unnamed species 
of Floch and Abonnenc known from females 
only. The material from Panama consists of a 
considerable series of both sexes, the males close 
to furcatus, the females close to arborealis, so 
that we suspect that arborealis may be the female 
of furcatus. 

I have included the remainder, and largest 
portion, of the New World Phlebotomus in the 
subgenus Brumptomyia, as I have been unable 
to find non-sexual characters or marked and 
correlated sexual characters which can be used 
to clearly separate them. Some of the groups, 
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e.g., the cayennensis group and the anthophorus 
group, might possibly be better as subgenera, 
but the most marked characters of the former, 
the armed pharynx and comb-like cibarial teeth, 
are found in other apparently unrelated species, 
while the unusual structure of the spermathecae 
and cibarium of the anthophorus group is also ap- 
proached by other forms. Several rather bizarre 
species, now known only in one sex, may prove 
to warrant the erection of further subgenera when 
they become more completely known. 

Because of the lack of associated females of 
many species, and of information on ascoids and 
certain other structures, I have had to rely 
unduly on male characters in dividing the 
Brumptomyias into groups. I feel this to be a 
serious defect, for, with some exceptions, the 
female structures have proven generally more 
stable. Among these male characters, the num- 
ber and relative positions of the spines on the 
style seem to offer the best clues to relationship. 

The style with five spines, of which two are 
paired on the distal end, seems to be the type 
from which most of the others appear to have 
been derived. The first step in this process 
would seem to be the reduction of one of the 
terminal spines to a small seta, and its eventual 
disappearance. Where there are but four spines 
and two of these are terminal, as in the cayennensis 
group, there is no subterminal seta. In the 


alphabeticus group, which is probably not homo- 
geneous, the subterminal seta has been lost in all 


but one (undescribed) species, and the five- 
spined condition appears to be due to the per- 
manent acquisition of a supernumerary spine, 
alphabeticus itself showing this tendency by often 
having six spines on one or both styles. 

The brum pti group includes those species placed 
in Brumptomyia by Mangabeira and Galindo 
(1944) plus their ‘“‘vexator group.’”’ The basis 
for combining these somewhat divergent species 
is the presence of five spines on the style, a basal 
tuft on coxite and usually annulate spermathecae. 
The quite homogeneous brum pli series is separable 
from the vexator series on the elongate styles, 
several rows of horizontal teeth in the cibarium 
and by the larvae having but two caudal setae 
in all stages. This combination of characters, if 
subsequently proven to hold throughout the 
series, May warrant raising to group or possibly 
subgeneric level. The vexator series is less homo- 
geneous, consisting of species with the male 
style five-spined and with a terminal pair,though 
the style is not as elongate as in the brumpti series. 
A basal tuft is commonly present on the coxite, 
reduced to a few lax setae in some species or 
rarely absent. The cibarium has a single row of 
horizontal teeth, sometimes displaced laterally 
and occasionally with a comb of teeth as in the 
cayennensis group. The spermathecae are usu- 
ally slender with relatively long and slender 
ducts, mostly with few to many annuli on the 
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basal portion of the spermathecal body, rarely 
the spermathecae quite smooth, but all with a 
terminal knob. The larva of only noguchii 
seems to be known; it has four caudal bristles 
except in the first instar. P. battistinii Hertig is 
placed in this series provisionally. It differs from 
the others in having the parameres armed, 
though agreeing in other characters, including 
annulate spermathecae. The brumpti series oc- 
curs from Mexico to Paraguay, the species being 
locally abundant, especially in animal burrows. 
There seem to be no records of their biting man 
or large animals. The vexator series ranges from 
Eastern United States and California south into 
Southern Brazil, with a preponderance of species 
in Mexico. Two species, peruensis and an unde- 
scribed species will bite man; vexator feeds on 
reptiles and noguchii on mice, while information 
is lacking on the others, though they probably 
bite man rarely if at all. 

The ves pertilionis group includes species with 
four or fewer, generally three spines on the 
style, nearly always a subterminal seta and a 
basal tuft of setae on coxite. The lateral lobes 
in most species are considerably to greatly in- 
flated. The cibarium usually has four horizontal 
teeth and some vertical teeth, often also fairly 
prominent lateral teeth and usually a strong 
chitinous arch. The spermathecae have a short 
broad membranous common duct and usually 
short individual ducts. The body of the sperma- 
theca is variously modified, cylindrical, pear- 
shaped or often with a large lateral bladder-like 
expansion, sometimes finely annulate basally. 
The group is mainly Central American, with 
two species in French Guiana and two in the 
West Indies. None have been taken biting man, 
but one probably feeds on bats and others may 
do so. 

The group triacanthus includes species placed 
in Pressatia by Mangabeira (1942 p. 131) and 
Pintomyia by Costa Lima (1932) p. 44). The 
style bears three or four spines and a subterminal 
seta and the coxite has a basal tuft of setae. The 
cibarium usually bears four horizontal teeth. The 
spermathecae are subcylindrical or oval, thin 
walled, often with the terminal knob broad and 
flattened, and with the individual ducts almost 
always heavily sclerotized and smooth. The com- 
mon duct is wide and membranous. The series 
triacanthus has three spines on the style and the 
hind femora without modified setae, while the 
series fischeri has four spines on the style and the 
hind femora armed with a row of short heavy 
spines. Pilosus D. & C. and chassigneti F. & A. 
are placed here provisionally on the structure of 
male style. They lack a basal tuft on coxite, 
and the spermathecae of chassigneti are simpler, 
the individual ducts but weakly sclerotized and 
the common duct practically absent. The group 
as a whole ranges from Panama to southern 
Brazil, with the center of distribution apparently 
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in the Amazon region. Two species, both in the 
fischeri series, bite man avidly in Southern Brazil, 
fischeri and pessoai. The former is the most im- 
portant domestic species in Sao Paulo and has 
been experimentally infected with Leishmania 
brasiliensis, while pessoai is also common and has 
been found naturally infected with Leishmania in 
Brazil. Nothing appears to have been recorded 
as to the host preferences of the other species. 

The group anthophorus, for which Addis (1944) 
proposed the subgenus Dampfomyia, is in many 
ways quite aberrant, and might with considerable 
justice be retained as a full subgenus. Two 
species have been described and we have material 
of four or five additional species. The male geni- 
talia have generally three spines on the style, in 
one case five. There is no basal tuft on the 
coxite, but the paramere bears a long dorsal 
setose arm, apparently with a pseudo-articulation 
at its base. The cibarium has two or more 
horizontal teeth, but these appear to be partially 
fused into a plate-like structure, and there are 
usually one or more rows of lateral teeth. The 
spermathecae have rather short broad mem- 
branous ducts, while the spermathecal bodies are 
variously modified, usually morula-like, the 
terminal knob buried in the mass of bubble-like 
expansions. The eyes in both sexes are unusually 
small and the wings quite narrow. P. antho- 
phorus Addis, the only species on which informa- 
tion is available, feeds on rabbits but refuses man 
in the laboratory. All the species so far seen 
have been taken in Panama or northwards. The 
two groups of vespertilionis and anthophorus seem 
to be somewhat related, showing a tendency 
towards reduction of the number of spines on the 
style to three or two, and general similarity in the 
spermathecae. 

The group cayennensis is also quite well marked, 
showing a style with four spines, two of which are 
paired at the apex, no subterminal seta and no 
basal tuft on the coxite. The spermathecae are 
similar in all, with a rounded head, annulate body 
and relatively slender ducts. The cibarium is 
quite characteristic, bearing a comb of from 5 to 
30 fine horizontal teeth and lacking a complete 
chitinized arch. All the species bear spines on 
the pharnyx also. The group comes the closest 
of any New World Phlebotomus to the subgenus 
Sergentomyia of the Old World, but the presence 
of pleural setae and structure of the spermathecae 
indicate that the resemblance is probably coin- 
cidental. The cibarial comb and armed pharynx 
are exceptional in the New World, but not unique, 
as P. chiapanensis of the vexator group has both, 
while P. trinidadensis of the same group also has 
an armed pharnyx. It is possible that the 
cayennensis group was derived from a form like 
chiapanensis having five spines on the style. The 
group is limited to the Caribbean area, from the 
Guianas to Mexico and the West Indian Islands. 
Although direct observations seem to be lacking, 
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the occurrence of freshly engorged members of 
this group in localities where mammals are prac- 
tically absent and birds rare, suggests that they 
may feed on lizard blood. 

The shannoni group contains species with four 
spines on the style, one of which is terminal and 
without a subterminal seta or basal tuft on 
coxite. The parameres are frequently armed. 
The cibarium usually bears four horizontal teeth, 
though up to 12 may be present, and there are 
generally numerous small erect teeth and often a 
few fine lateral teeth. The pharynx is unarmed, 
the chitinized arch usually present though often 
poorly developed. The spermathecae are vari- 
able, tubular, cylindrical, ovoid or globose, 
generally smooth, sometimes wrinkled, rarely 
annulate, but always with slender ducts. Both 
sexes have the ascoids with a posterior prolonga- 
tion, which may be very long, extending beyond 
the base of the segment, or a short rounded spur. 
Several series are perhaps definable here, but 
grouping on any one character brings together 
species heterogeneous for other characters. Thus 
species with spermathecae like shannoni may have 
short or long prolongations on the ascoids or 
armed or unarmed parameres, while species with 
globose spermathecae like aragaoi may have 
quite dissimilar males. Similar males, such as 
runoides and barrettoi have females with quite 
different spermathecae. Since hardly a third of 
the species are known in both sexes, it seems best 
to postpone the further division of the group. 
P. shannoni has a very wide range, from Southern 
U.S.to Paraguay. There have been a few reports 
of shannoni biting man in the U. S. and Brazil, 
and it appears to do so regularly in Campeche, 
Mexico (Biagi 1953) but although an abundant 
species in Panama, we have never taken it biting 
man nor in animal baited mosquito traps here. 
There is no information on hosts of other species. 

The group longispinus contains species with 
four spines on the style, one of which is terminal 
and one on the basal third of the segment. A 
subterminal seta is present and generally a row 
of very long hairs on the ventral aspect of the 
coxite, but there is no basal tuft. The parameres 
are divided into two or three branches and the 
aedeagus may also be modified. The cibarium 
has four short horizontal teeth, a few weak lateral 
and vertical teeth and a chitinous arch. The 
spermathecae have pear shaped finely annulate 
or wrinkled bodies, large terminal knobs, and 
smooth ducts which are usually short and slender, 
but may have the common duct enlarged 
and membranous. The fourth stage larva has 
four caudal setae. The group has a limited dis- 
tribution, from the Amazon Valley to Panama, 
and most of the species have been taken from 
animal burrows. They are not reported as biting 
man. 

The cruciatus group contains a large assemblage 
of rather diverse species, some of which will 
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probably be segregated into separate groups with 
increasing knowledge. The males have a style 
with four spines, with or without a subterminal 
seta and a basal tuft or group of setae on coxite. 
The parameres are simple or variously modified, 
and the lateral lobes may be armed with terminal 
spines. The females of only a small proportion 
of the species are known, and show considerable 
diversity of cibarial and spermathecal structure, 
though a single row of horizontal teeth is almost 
always present in the cibarium and the spermathe- 
cae almost always have relatively slender ducts 
and simple bodies, either smooth, wrinkled or 
annulate. Both sexes have usually simple as- 
coids, occasionally with a short posterior pro- 
longation. The division into series is based 
largely on male characters. 

The series cruciatus has the parameres simple, 
no subterminal seta on style and the spermathe- 
cae generally annulate. It ranges from Texas 
to Paraguay and at least three species bite man 
readily. 

The series verrucarum is similar to the cruciatus 
series, but the style has the subterminal seta and 
the spermathecae are usually finely wrinkled. 
The series seems to be limited to Northwestern 
South America and Central America, from Vene- 
zuela and Peru to Costa Rica. At least three 
species bite man avidly, and one is the vector of 
bartonellosis in Peru. 

The series migonei consists of but a few species. 
The style has a subterminal seta, and the para- 
meres are simple, except in edwardsi, which is 
placed here on style and spermathecae. Four 
species have the spermathecae globose, two have 
them sausage-shaped, in both cases smooth and 
with fairly long smooth ducts. The range is 
from Argentina to French Guiana. One species, 
cortelezzii, has been taken biting chickens, while 
migonei bites man as well as many domestic 
animals and has been found infected with Leish- 
mania in nature in Brazil. P. delpozoi is included 
here, though the cibarium is aberrant. 

The series walkeri consists of species with a 
subterminal seta, the style rather long and 
slender and the coxite with a patch of lax hairs in 
the middle as well as the basal tuft. The pre- 
sumed female of one species has smooth sub- 
conical spermathecae with a long terminal knob; 
of another, the spermathecae are like those of 
the. triacanthus group and the sexes may be 
wrongly associated. 

The series castroi has styles similar to the 
walkeri series, but the parameres have one or 
two strong setae arising from a tubercle on the 
dorsobasal aspect. Mangabeira (1942 p. 185) 
erected the subgenus Castromyia for these species. 
Females are unknown as yet. 

The series atroclavatus consists of but three 
species. The style has a subterminal seta, the 
pharynx is armed with spines and strong trans- 
verse ridges and the spermathecae are smooth, 
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ovoid or pear shaped. Alfroclavatus ranges from 
Trinidad to Panama and in the West Indies it 
occurs on Guadeloupe and on St. Croix in the 
Virgin Islands. The other two species are from 
Venezuela and may be the sexes of a single species. 

The series auraensis contains species without 
the subterminal seta and with simple parameres. 
Several species have median setae or spines on 
the coxite in addition to the basal tuft. No 
females are known. ‘The series is probably not 
homogeneous. The range is from French Guiana 
to Southern Brazil, with the bulk of the species 
Amazonian. Nothing is known of the food 
habits. 

The longipalpis series includes the species for 
which the subgeneric name Lutsomyia was 
created. The styles have a subterminal seta and 
the parameres are armed with heavy dorsal 
spines. The basal tuft on the coxite is also formed 
of heavy spines. The spermathecae are cylindri- 
cal and wrinkled. P. vexillarius F. & H. has 
more in common with longipalpis, though the 
spermathecae are quite similar to cruciatus. 
Longipalpis ranges from Mexico to Argentina and 
bites man readily. The other species are known 
from Panama, Brazil and Uruguay. 

Series baityi includes but three species, two as 
yet undescribed. The spines of the style are so 
crowded at the tip that two have become paired 
terminally, although the subterminal seta is re- 
tained. The coxites have median setae as well as 
the basal tuft, while the parameres are simple and 
unusually broad and flat. The cibarium has four 
horizontal teeth and the spermathecae are exceed- 
ingly small, sausage shaped and practically with- 
out ducts. One species each from the Amazon, 
Peru and Panama. 

The infraspinosus series (subgenus Evandromyia 
Mang.) has a subterminal seta and the para- 
meres are deeply divided into two branches, and 
in one case the upper branch is again forked and 
the aedeagus modified. Some species also have 
the lateral lobes with terminal spines. The 
female of but one species has been described; it 
has an annulate spermathecae and four spines in 
the cibarium. French Guiana to Minas Geraes, 
Brazil covers the range and nothing is known of 
the feeding habits. 

The series castanheirai differs from the infras pi- 
nosus series in lacking the subterminal seta on 
the style and in having the upper branch of the 
parameres bearing usually a dense tuft of heavy 
setae where the upper branch would arise. The 
two known females have annulate spermathecae 
with slender ducts, similar to those of intermedius 
and allies, and with cibaria with more than four 
horizontal teeth. One species occurs in Panama, 
the remainder in French Guiana and the Amazon 
basin. Nothing is known of host relationships. 

The series servulolimai differs from the walkeri 
series in lacking a subterminal seta on the style. 
Females are unknown and the species are known 
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to me only from the descriptions, which contain 
no mention of the ascoids, and in which the 
presence of a small subterminal seta may have 
been overlooked. All are from the Amazon basin. 

The group alphabeticus contains species with 
five or more spines on the style, but without paired 
spines terminally and without a basal tuft on 
coxite. The female of only alphabeticus is known; 
it has a curious spermathecae of four large an- 
nuli, the first and last larger than the intermediate 
ones. The cibarium and ascoids have not been 
described. The group is probably highly artificial. 

There remains a single species described in 
both sexes which I am unable to place, P. nor- 
destinus Mang. The genitalia agree more or 
less with the shannoni group, as do the sperma- 
thecae, but the ascoids are simple and the cibarium 
as in trinidadensis, with strong lateral teeth. 

Unplaced species known in the male only are as 
follows, cerqueirai D. & C., has a style like baityi 
but lacks a basal tuft and has the parameres 
forked and lateral lobes armed with heavy 
clubbed terminal spines. Rangelianus Ortiz, 
with a four spined style and subterminal seta, the 
basal spine reduced and seta-like and no basal 
tuft, would go easily into the vespertilionis group 
had it a basal tuft on coxite, or perhaps the 
shannoni group, were the ascoids not simple. The 
four species minasensis Mang., micropygus Mang., 
quadrispinosus F. & A. and venezuelensis F. & A. 
share small size, four spined styles without sub- 
terminal seta, lack of basal tuft on coxite and 
simple parameres. They have so few outstand- 
ing characteristics that I have found it impossible 
to place them in any group in the absence of the 
females. 

P. bursiformis F. & A., falciformis F. & A., 
pescei Hertig and oppidanus Dampf., are known 
in the female only. The first two are aberrant 
forms with peculiar spermathecae unplaceable 
without knowledge of the males. Pescei may be- 
long either in the brumpti group or the cruciatus 
group, while oppidanus probably belongs near 
vexator in the brumpti group. 

Finally there are several species whose de- 
scriptions are so incomplete that they cannot be 
placed. Five of these are females, P. osornoi 
Rist. & Dao Van Ty, imperatrix Alex., singularis 
C.-L., fonsecai C.-L. and cavernicolus C.-L. Some 
of these may be the same as better described 
species. Maracayensis Nufiez Tovar, described 
from a male, is unrecognizable. Rostrans Sum- 
mers, described from both sexes, is also probably 
unrecognizable. I have seen the types of rostrans, 
which are uncleared and broken, 1c’ 32 mounted 
on a single slide and the sexes probably not con- 
specific. The male lacks wings and fifth palpal 
segments. The style has four spines but no sub- 
terminal seta and a large loose tuft of heavy 
setae on base of coxite. The females do not 
show spermathecae or cibarium, and the single 
specimen with complete palpi shows the fifth seg- 
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ment short, about one-half length of the third. 
The male probably belongs in the cruciatus 
group and seems closest to auraensis Mang. or 
octavianus Vargas (= affinis Mang.), but re- 
mounting and careful comparison will be{necessary 
for certainty. The female is probably a Psycho- 
dopygus, but without clearing and remounting 
cannot be certainly determined. 

The New World species are listed below, 
placed in the subgenera, groups and series in 
which I believe they belong on present evidence. 
Subgenus Psychodopygus 


Group panamensis 


amazonensis Root, arthuri Fons., ayrozai B. &}C. 
bispinosus F. & H., carrerai Barr., chagasi C.-L. 
colas-belcourt F. & Chass., complexus Mang. 
davisi Root, geniculatus Mang., guyanensis F. & A. 
hirsutus Mang., lloydi Ant., maripaensis C.-L., 
roott Mang., squamiventris L.&N. unisetosus Mang. 


Group intermedius 


anduzei Rozeb., apicalis F. & A., cauchensis F. & 
A., elongatus F. & A., flaviscutellatus Mang., inter- 
medius L. & N., machicouensis F. & A., sylvicolus 
F.& A., trapidoi F. & H., whitmani Ant. & Cout., 
ylephiletor F. & H. 


Subgenus Viannamyta 


arborealis F. & A., fariasi D., 
Mang., tuberculatus Mang. 


C. & A., furcatus 


Subgenus Brumptomyia 
Group brumpti 

Series brumpti 

amarali B. & C., avellari C.-L., brumpti Larr., 
cardosoi B. & C., cunhai Mang., galindoi F. & H., 
guimaraisit B. & C., hamatus F. & H., leopoldoi 
Rodr., mangabeirai B. & C., nitzulescui C.-L., penta- 
canthus Barr., pintoi C.-L., spinosipes F. & A. 
travassosi Mang., trgolodytes Lutz. 


vexator 


battistinia Hert., chiapanensis Dampf., durani Var- 
gas & Najera, longipennis Barr., noguchii Shann., 
oswaldot Mang., peresi Mang., peruensis Shann., 
pratti V. & N., guinquefer Dyar, rickardi C.-L., 
rorotaensis F. & A., stewarti Mang. & Gal., trint- 
dadensis Newst., vexator Coq., vindicator Dampf., 
ztkant Barr. 


Series 


Group ves pertilionis 

& N., christophei F. & T., deleoni F. & 
7. & T., pinealis F. & A., saulensis F. & 
.&H., vespertilionis F. & H. 


beltrani V. 
H., orestes I 
A., vesiciferus F 


Group triacanthus 


Series triacanthus 

camposi Rodr., chassigneti F. & A., choti F. & A., 
dysponetus F. & H., equatorialis Mang., pilosus D. 
& C., triacanthus Mang., trispinosus Mang. 

Series fischeri 

damascenoi Mang., fischeri Pinto, pessoai Cout., & 
Barr., spinosus F. & A. 


Group anthophorus 
anthophorus Addis, dodget Vargas & Najera. 


Group cayennensis 
cayennensis F. & A., ctenidophorus F.& H., 
F. & T., duppyorum F. & T., hardisoni V. 
wirthh V.&N. 


cubensis 


&N., 
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Group siiannont 
abonnenci F. & Ch., aragaoi C. L., barrettoi Mang., 
brasiliensis C. L., campbelli D. & C., carpenter F. 
& H., continhot Mang., dendrophylus Mang., 
digitatum D. & A., dreisbachi D. & C., heckenrothi 
F.& A., inflatus F. & A., lanei B. & C., lichyi F. & 
C., lutzianus C.-L., olivertot B. & C., pascalei B. & 
C., pestanai B. & C., punctigenicalatus F. & A., 
runoides F. & H., shannonit Dyar, souza-castrot D. 
& C., texanus Dampf., undulatus F. & H., volcanen- 
sis F. & H. 

Group cruciatus 
Series cructatus 
antunesi Cout., bourrouli B. & C., cruciatus Coq., 
diabolicus Hall, fluviatilis F. & A., gomezi Nitz., 
monticolus C.-L. 
Series verrucarum 
colombianus Rist. & Van Ty., evansi N.-T., 
carum Towns. 


verru- 


Series migonet 
cortelezzii Brethes, del-pozoi V. & N., ferreraiC. & 
D., migonei Franca, pacae F. & A., sallesi Galvao 
& Coutinho, edwardsi Mang. 
Series walkeri 
auraensis Mang., basispinosus B. & C., brachipygus 
Mang., carvalhoi D. & C., evandroi C.-L., & Ant., 
flocht Abonn. & Chass., marajoensis D. & C., 
microps Mang., octavianus Varg., sericeus F. & A., 
ubiquitalis Mang., walkeri Newst. 
Series castrot 
castrot B. & C., costalimai Mang., deanei D. & C., 
tupynambai Mang. 
Series atroclavatus 
atroclavatus Knab, ovallesi Ortiz, zuliaensis F. & A. 
Series baityt 
baityi D. & C. 
Series longipal pis 
cruzi Mang., gaminarai Cord., Vog., & Coss., 
longipalpis L. & N., vextllarius F. & H. 
Series infras pinosus 
brachiphallus Mang., infraspinosus Mang., lenti 
Mang., monstruosus F. & A. 
Series castanheirai 
aclydiferus F. & H., castanheirai D. & C., dunhami 
C. & D., ininu F. & A., lopest D. & C., melloi C. 
& D. 
Series servulolimai 
meirat C. & D., servulolimai D. & C., williamsi D., 
C. & A., wilsoni D. & C. 

Group longts pinus 


dasypodogeton Castro, longispinus Mang., tricho- 
pygus F.& A., triramulus F. & H., wagleyi C. & D. 


Group alphabeticus 


alphabeticus Fons., 
Shann. & Del Ponte. 


breviductus Barr., sordellii 


SUMMARY 


On the basis of the wing venation of fossil 
genera and wing venation and other structures of 
recent genera, it is concluded that the Psychodidae 
are best divided into three subfamilies, the 
Psychodinae, Trichomyiinae and Phlebotominae. 
The Psychodinae are not further considered here 
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The Trichomyiinae studied consist of three re- 
cent and two fossil genera, Trichomyia, Horaiella 
and Sycorax, and Diplonema and Eatonisca. 
This subfamily is connected with the Phleboto- 
minae by the fossil genus Eophlebotomus. Keys 
for the separation of the recent genera and 
figures of wing venation of all genera are given. 
The Phlebotominae are divided into two tribes, 
the more primitive Bruchomyiini, consisting of 
three recent genera, Bruchomyia, Nemopalpus 
and Eutonnoiria, and the Phlebotomini, consist- 
ing of three recent and two fossil genera, Hertigia, 
Warileya and Phlebotomus, and Eophlebotomus 
and Phlebotomiella. Keys to recent genera and 
figures of wing venation of all genera are given. 
The genus Phlebotomus is considered further in 
some detail. It is proposed to divide the genus 
into five subgenera, two for Old World species, 
Phlebotomus and Sergentomyia and three for New 
World species, Psychodopygus, Viannamyia and 
Brumptomyia. The subgenera are tentatively 
further divided into groups, and keys to both 
subgenera and groups are given. Further di- 
vision of some of the larger groups into series is 
suggested, particularly in the case of some of the 
New World groups. It is emphasized that the 
divisions, especially into groups and series, are 
highly tentative and will need much revision as 
further information becomes available. A list 


of the New World species, placed in subgenera, 


groups and series is given, together with a dis- 
cussion of the characters of the various sub- 
divisions. 
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BIOLOGICAL STUDIES ON OBLIGATE MITE ECTOPARASITES OF THE 
HOUSE MOUSE, WITH A KEY FOR THE IDENTIFICATION OF THEIR 
IMMATURE AND ADULT STAGES (Acarina: Myobiidae and Listrophoridae)' 


WILLIAM W. SMITH 
Public Health Service, Mississippi State Board of Health, Jackson? 


During the period from July 1, 1949 to June 30, 
1950, a survey was conducted to elucidate the 
relation of the commensal house mouse (Mus 
musculus Linnaeus) to the epidemiology of murine 
typhus in the State of Mississippi. House mice 
were live-trapped and their ectoparasites were 
removed by a brushing and washing technique. 
It was found in this survey that the most abund- 
ant and widely distributed ectoparasites of the 
house mouse were two species of fur mites, 
Radfordia affinis Poppe and Myobia muris- 
musculi (Schrank) (52.9% of all ectoparasites 
collected), family Myobiidae, and a representative 
of the family Listrophoridae, Myocoptes muscu- 
linus Koch (35.4%). These species are believed 


'This paper is adapted from a thesis presented to the 
Tulane University of Louisiana in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy. 
Especial appreciation is expressed to Dr. Albert Miller, 
Associate Professor of Medical Entomology, for his 
suggestions and encouragement in these studies, and for 
his assistance in preparing this account. 

*Present address: PHS Newton Field Station, New- 
ton, Georgia. 


to be true obligate ectoparasites of the house 
mouse in Mississippi. 

In his revision of the Myobiidae, Radford 
(1948) mentioned the dearth of life-cycle and 
population studies in this family and indicated 
that descriptions of new species had been con- 
cerned chiefly with the adult stages. He de- 
scribed and figured the immature stages of 
M yobia muris-musculi in 1934. Grant (1942) de- 
scribed and published drawings of the various 
stages of this species and made supplementary 
studies on its feeding habits, mouthparts, and 
tracheal system. Jameson (1948) made observa- 
tions on the means of transfer of a related species 
(M. simplex) from dead to living hosts and 





EXPLANATION OF PLATE I 


Radfordia affinis Poppe, dorsal aspect. Fic.1. Stage 
I (hexapod larva). Fic. 2. Adult female. Fic. 3. 
Adult male. Fic. 4. Stage III (octopod nymph). 
(Fine corrugations of the integument are omitted from 
drawings.) 
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speculated upon their importance as an agent in 
transmission of epizootics among shrews. 

Since no references to the biology of Radfordia 
affinis and Myocoptes musculinus have been 
found in the literature, a comparative study was 
made of the life history and habits of these 
species and of Myobia muris-musculi. There 
were no discernible morphological differences in 
representatives of these species of mites on white 
laboratory mice and those found on the com- 
mensal house mice. 


MATERIALS AND METHODS 


White mice were used as hosts for the three 
species of mites studied. The six original 
parent mice were found to be naturally infested 
with these mites and also a few rat lice, Polyplax 
spinulosa (Burmeister). These mice were ob- 
tained from the Tulane University Medical 
School at New Orleans, Louisiana, in February, 
1950, and a colony was established and main- 
tained in an unheated storeroom in Jackson, 
Mississippi. The colony had increased to ap- 
proximately 50 individuals by June when studies 
were started. Mice which appeared to be one- 
half to three-quarters grown were used for obser- 
vations. At this age several mites were usually 
present on each mouse, but there were sufficiently 
few to allow comparative isolation of certain 
specimens for study. 

At first, gelatin capsules were cemented to 
the heads of the mice, covering the stage or 
stages to be studied. These cages were soon 
abandoned as they tended to pull away from the 
skin in a few days, or were dislocated by the 
mice in one way or another. The second method 
tried was more successful. A small spot was 
made by piercing the skin several times through 
a drop of tattoe ink with a small needle. Marks 
were made at three locations on the head of the 
mouse: towards the tip of the nose, at the middle 
of the snout, and between the ears. Hairs were 
separated with a needle in order to place the 
drops of ink but the hair was not clipped or 
otherwise disturbed. Mites in various stages of 
development were discovered by searching 
through the hairs near the spots and their loca- 
tion was recorded with reference to the nearest 
spot. Daily observations were made on ten to 
twenty mice during June and July. As there 
was some movement of immature stages when 
they molted, it was not always possible to follow 
each mite through its complete developmental 
cycle. All estimates of time required for the 
completion of the various stages are based upon 
observations of individual mites. Temperature, 
humidity, and other environmental factors were 
those which would be expected in a shaded, well- 
ventilated, unheated building during June and 
July (average monthly temperatures 78.4° and 
78.9° F., respectively). 

Measurements of specimens were made with 
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an eyepiece micrometer in the compound micro- 
scope. Practically all specimens measured had 
recently been mounted in PVA mounting medium. 
Comparison of measurements of specimens float- 
ing free on water and those recently mounted in 
PVA showed no significant differences. The 
stated length of eggs is exclusive of the cement 
attaching them to the hairs. Immature and 
adult specimens were measured from the anterior 
end of the gnathosoma to the posterior end of 
the body proper. Only specimens which had no 
noticeable shrinkage were measured. 


OBSERVATIONS 


The fur mites, Radfordia affinis and Myobia 
muris-musculi.—Grant (1942) observed that M yo- 
bia muris-musculi ordinarily preferred the head 
region of the house mouse for habitation, though 
they were found occasionally elsewhere on the 
mouse if the infestation was heavy. This ob- 
servation was confirmed for this species and also 
for the closely related species Radfordia affinis. 
Specimens of R. affinis were most numerous and 
studies were started on this species. As observa- 
tions proceeded, differences in the morphology of 
the immature stages of the two species became 
apparent. 

The life history stages of the fur mites are very 
similar and consist of the egg, hexapod larva 
(Stage I), three nymphal instars, and adult. In 
the nymphal instar (Stage II) following the 
hexapod larva, the mites have three pairs of 
functional legs and a pair of unsegmented leg 
buds at the site of legs IV, those of R. affinis 
being closely appressed to the ge while those 
of M. muris-musculi are not. R. affinis nymphs 
in the instar (Stage IV) just preceding the adult 
stage also have three pairs of functional legs and a 
pair of large segmented leg buds at the site of 
legs IV similar to those of the Stage III nymph. 
In M. muris-musculi, the Stage III nymph has 
segmented leg buds while the Stage IV nymph 
has four pairs of functional legs. 

In Table I, measurements of the various life 
history stages of R. affinis and M. muris-musculi 
are presented. 

It is to be noted that the respective instars of 
M. muris-musculi are longer than those of R. 
affinis with the exception of Stage II where the 
average lengths are approximately the same. 

The oval egg of each species is cemented at the 
proximal end to a small hair, not more than 120 
microns from its base, in a manner similar to 
that of a louse egg. The developing, hexapod 
first instar (Fig. 1) hatches by pushing out 





EXPLANATION OF PLATE II 
Myocoptes musculinus (Schrank). Fic. 5. Hexapod 
stage, dorsal aspect. Fic. 6. Immature octopod form, 
ventral aspect. Fic. 7. Mature adult female, ventral 
aspect. Fic. 8, Adult male, ventral aspect. 
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head-first at the distal end of the egg and crawls 
onto the host’s skin. It grasps two of the fine 
hairs (measuring not more than 8 microns in 
diameter) at their bases with the modified first 
pair of legs and inserts the mouthparts into the 
skin of the host. There it feeds on colorless 
tissue fluids, rarely changing position until it 
molts to the next stage. The outer integument 
appears to split around the edges at the posterior 
end of the body and the second stage backs out 
of the old skin. This method of molting is also 
characteristic for the nymphal stages, II, III 
(Fig. 4), and IV. Specimens do not usually stray 
far from the place of original attachment on the 
mouse. Copulation takes place between the 
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It is indicated in this table that the develop- 
mental period of M. muris-musculi is slightly 
longer than that of R. affinis. However, the 
observations were made over a_ considerable 
period of time and changing temperatures and 
other factors may have influenced the develop- 
mental times to the extent shown in the table. 
Since the adult mites moved about quite actively, 
it was not possible to observe the length of life 
for this stage on the host. Adults placed in 
artificial containers lived one or two days at 
room temperatures without food. 

Transfer of these mites from host to host 
results only from intimate contact. Adult mites 
were observed to migrate to the tips of the hairs 


TABLE I 


Me asure ement of nuijerite affinis and Myobia muris- muscult 


Radfordia affinis 


Length 


Myobia muris-musculi 


Length 


Range | Range 








138.5+ 
191.7+ 
218.7+10 
248.7+15 
255.5+ 3.3 


369.3+ 7. 


191.7+ |i 
Adult M: ile . 
Adult Female.. | 


TABL 


DURATION OF THE DEVELOPMENTAL STAGES OF Radfordia 
IN MIssSISSIPPI; 


293-416 


JUNE- 


177- 246 
146-200 
139-223 
169-293 
246-254 
246-354 
347-485 


9+10.0 
6+ 4.3 
3 §.9 
2+ 9.6 
Sz 9.3 
52 4 


4+ 7 


210 
172 
186 
227 
271 
284 
409 


177- 200 

131-146 
154-246 
169-277 
208-362 
216-277 
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affinis and Myobia muris-musculi ON LABORATORY MICE 
Jury, 1950. 





Radfordia affinis 


Min.- Max. 


Stage 


Egg.. 
I 


iz... 
III. 
IV. 


Total. 


Adult (off host) 


adult male and the fourth stage female nymph 
just before the latter undergoes its final molt. 
The adult males (Fig. 3) and the adult females 
(Fig. 2) appear at the tips of the hairs of the dead 
host before any immature stages are observed. 
Apparently the fourth stage nymphs disengage 
themselves only rarely from their feeding places, 
and the more immature stages perish in place if 
the host dies. The adults tend to move about 
more freely and often congregate on the eyelid 
near the bases of the eyelashes. 

Observations on the duration of the various 
stadia in the life of the two fur mites are pre- 
sented in Table II. 


(days) 


| Myobta muris-muscult 


; Min.-Max. (days) 


4— 5 
s— 4 
s— 4 
2— 3 
3— 4 


about seven hours after the host mouse was 
killed, and continued to be present there for 
about 36 hours. On dead animals, both species 
orient themselves at the distal ends of the hairs 
with the head directed toward the host. They 
appeared much like ticks, waving their legs and 
waiting to attach to any object which might 
touch them. They quickly attached to needles 
and other instruments brought in contact with 
them. Jameson (1948) noted this habit and its 
possible importance in the maintenance of an 
epizootic among shrews by a blood-feeding myo- 
biid. Mites which crawled off the host soon be- 
came immobilized by dust and other debris 





1955 Smith: 
which adhered to the oily deposit covering their 
bodies. 

Monthly collections made during the survey 
indicated that these mites were least abundant 
during the winter and spring months when aver- 
age temperatures were below 65° F. 

M yocoptes musculinus.—The listrophorid mite, 
Myocoptes musculinus, apparently lives on the 
house mouse in much the same manner as the fur 
mites but differs greatly from them in size and 
appearance. The small size, the tendency of this 
mite to change its feeding sites quite frequently, 
and the location of the feeding sites among the 
longer and thicker hairs of the flank regions of the 
host mice made observations very difficult. It 
was not possible to determine the exact number 
of instars nor to obtain estimates of the duration 
of the life history stages as cast skins could not be 
associated with their recent occupants. How- 
ever, the egg, hexapod larva, and an immature 
octopod female or nymph were observed to pre- 
cede the adult stage. The egg of this species is 


TABLE III 


MEASUREMENTS OF Myocoptes musculinus 


No. | Length a | Range 


188-200 
146-193 
177-246 
146-216 
254-347 


Ey gg Gas ULETO)....... 6 190. 243 
Hexapod larva........ ..| 386 | 166.52 
Octopod immature form... 31 212.9+4 
Adult Male ceo ne 188 .4+3 
Maule Female: 5... 266s 68 299.3+4 


considerably smaller than that of the fur mites 
and is generally attached to the hair of the host at 
a greater distance from its base (about 1.4 milli- 
meters). The hexapod larva (Fig. 5) has the 
third pair of legs adapted for clinging to hairs, 
while the immature octopod form (Fig. 6) and 
adult female (Fig. 7) have the third and fourth 
pairs so adapted. The fourth leg of the adult 
male (Fig. 8) is greatly enlarged basally and 
tapered toward the tip while the third leg is 
modified for grasping hairs of the host as in the 
female. The tarsi of the first two pairs of legs of 
all stages terminate in stalked suckers. The 
lengths of successive forms of M. musculinus are 
shown in Table ITI. 

The hexapod larvae were observed to attach 
and feed at a specific location for two successive 
days but could not be located on the third day. 
Eight females and one male placed in capsule 
cages at room temperatures died within two 
days. One hexapod larva lived slightly longer. 
Neither immature forms nor adults were killed 
by 4 to 5-minute exposures to chloroform vapors 
which killed their mouse hosts. Six hours after 
the host’s death, the adults and a few nymphs 
appeared at the tips of the hairs with heads 
oriented outwardly. They remained there for a 
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48-hour period. They transferred readily to any 
object which came in contact with them. Monthly 
survey collections indicated that this species is 
most abundant when average monthly tempera- 
tures are comparatively low (60° F., and lower). 

More detailed studies and development of 
other methods would be necessary in order to 
delineate successfully the life history and habits 
of this species. 


KEY FOR IDENTIFICATION OF IMMATURE AND 
ADULT STAGES OF LISTROPHORID AND MYO- 
BIID MITES FOUND ON THE HOUSE MOUSE IN 
MISSISSIPPI 


1. Legs I and II unmodified, terminating in stalked 
suckers; III adapted for clasping hairs, distal seg- 
ments clamping into a groove in enlarged proximal 
segments; maximum length 0.33 mm. (Myocoptes). . 
Leg I enlarged and modified for clasping hairs, the 
terminal segment crescent-shaped and capable of 
clamping tightly against a peg-like thumb on the 
following segment: legs II and III unmodified, 
terminating in claws, or one or two strong setae; 
maximum length 0.52 mm. (Fur mites, Radfordia 
and Myobia) 


With three pairs of legs..... 
linus, hexapod larva, (Fig. 5) 


M. muscu- 
With four pairs of 


Leg IV tapering, enlarged, not clasping 
M. musculinus, adult male 


Leg IV adapted for clasping hairs............... 
Abdomen with noticeable lateral projections pos- 
terior to legs IV; less than 0.25 mm. in length. . 

M. musculinus, octopod im- 
mature form (Fig. 6) 
Abdomen evenly distended and without lateral pro- 
jections posterior to legs IV; more than 0.25 mm. in 
length M. musculinus, adult fe-male (Fig. 7) 
With three pairs of legs, leg III terminating in two 
strong setae 
With four pairs of legs or the fourth pair repre- 
sented by short buds; leg III terminating in a 
smooth curved claw and one or two long setae 
With 6 pairs of large dorsal setae arising from the 
posterior half of the dorsum 

R. affinis, Stage I (Fig. 1) 

With 10 pairs of large dorsal setae, 4 pairs arising 
from the anterior half of the dorsum 
MRR Eres aban 2 aloes M. muris-musculi, Stage | 
Leg IV an unsegmented bud; tarsus III terminating 
in a single claw and a single long seta 8 
Leg IV a segmented bud, or functional; tarsus III 
terminating in a single claw and two long setae.... 9 
With 10 or 11 pairs of prominent dorsal setae; 
lateral seta II not more than twice as long as the 
nearest seta 

M. muris-musculi, Stage I] 
With 8 pairs or less of prominent dorsal setae, the 
two posterior pairs with bases closely approximated; 
lateral seta II more than twice as long as the nearest 
seta and bifurcated distally 


Leg IV a segmented bud 
Leg IV fuily developed 
Leg bud without a lateral spur and extending from 
the body at an angle; lateral seta III near base of 
leg III elongate 
M. muris-musculi, Stage III 
Leg bud with a lateral spur and adhering closely 
to the body; lateral seta III absent or greatly 
reduced 
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11. Anterior part of the body widened transversely be- 
tween II and III; dorsal setae somewhat thickened 
and close R. affinis, Stage III (Fig. 4) 
Anterior part of body not noticeably widened be- 
tween legs II and III; dorsal setae slender and 
widely separated inis, Stage IV 
Tarsus II with one claw; middle of venter posterior 
to legs IV without long slender setae 
Tarsus IJ with two claws; middle of venter behind 
legs IV with a pair of long, slender setae 
Bases of caudal hairs widely separated—M. muris- 

musculi. adult female 
Bases of caudal hairs closely approximated 
Leg IV with four segments; genitalia absent on 
dorsal midline M. muris-musculi, Stage IV 
Leg IV with five segments; genital opening and ad- 
nexial structures present on the dorsal midline 
just anterior to center of dorsum 
M. muris-musculi, adult male 
Bases of caudal hairs widely separated 
R. affinis, adult female 
Bases of caudal hairs - closely approximated... . 
R. affinis, adult male 


SUMMARY 

A one-year survey of the ectoparasites of the 
house mouse in Mississippi indicated that the 
fur mites Radfordia affinis Poppe and Myobia 
muris-musculi (Schrank) and the listrophorid mite 
Myocoptes musculinus Koch were the most 
abundant. They are apparently obligate per- 
manent parasites of mice. 
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Studies of the life histories and biologies of the 
fur mites revealed that the egg and four immature 
stages precede the adult stage in both species. 
M. muris-musculi is a slightly larger mite than R. 
affinis and possibly requires a slightly longer time 
for development (a total of 15 to 20 days). The 
feeding habits, general behavior, and choice of 
the head region of the mouse for habitation are 
common to both. The listrophorid mite, M. 
musculinus, was found to be of smaller size, to 
have at least one hexapod and one octopod stage 
prior to the adult stage, and to differ from the fur 
mites in preferring the lower back and flank 
regions of the mouse. It changed feeding sites 
more frequently than the fur mites. 

A key for the identification of the immature 
stages and adults of these species is presented. 


CITED 


Observations on Myobia 
Cheyletidae). 
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BOOK NOTICES 


CRYPTIC FAUNA OF 
FORESTS, by R. F. LAWRENCE. Pp. 408, 160 figs. 
A. A. Balkema, Cape Town, Amsterdam. 1953. 
This book is a summarization of observations and 
ideas that Dr. Lawrence has accumulated during 25 years 
of collecting in almost all the indigenous forests of South 
Africa. Originally these observations were set down as 
essays, and now in a more amplified form represent the 
various chapters of the book. 

Since the cryptozoa of forests are, more than most 
other animal groups, very similar throughout the world, 
the author has drawn upon literature from many parts 
of the world to give a comprehensive picture of the sub- 
ject, descriptions of the habits, structure and ecology of 
closely related forms. Nearly all of this descriptive 
matter can be applied in general, if not in detail, to 
South African representatives of the cryptozoa. 

A definition of the cryptozoa was coined by Professor 
A. Dendy some 50 years ago at the University of Sydney 
in Australia: ‘‘. . . the assemblage of hidden animals 
found dwelling under fallen logs and other debris of the 
forest floor = 

The writer's object is to give a general account of 
the animals which are to be found in the humus of the 
South African forests, their biology and background. 
The various aspects of the cryptic life of the forest 
recorded in this book are seen from the viewpoint of a 
collector and field naturalist, hence they treat largely 
with the external features of these animals. Descriptions 
of internal anatomy and embryology have been inten- 
tionally omitted. Accounts of experimental work are 
also omitted, and statistical investigations involving 


THE BIOLOGY OF THE 


large numbers of the microfauna have only been briefly 


touched upon. The systematic importance of the 
winged insects (Pterygota) as inhabitants of the forest 
floor has been minimized since this group constitutes an 
intrusive and sporadic element, and cannot be regarded 
as indigenous representatives of the cryptofauna and 
therefore logically have been deemed as of less import- 
ance than the wingless insects (Apterygota). This 
group, in contrast, embodies all the essential character- 
istics of the cryptic arthropoda. 

The chief motive in writing this account of the little 
known and seldom seen inhabitants of the indigenous 
forests is noteworthy. Some of the most interesting 
animals known to science are intimately associated with 
the unique conditions found in the forest; they can live 
nowhere else. Unlike the magnificent herds of hoofed 
mammals and the bands of spectacular carnivores these 
small creatures play a very passive role in the African 
fauna. Closely associated as they are to the darkness 
and moisture of the forest soil, they have not made 
great evolutionary progress, but they are just as char- 
acteristic as the larger and better advertised Ethiopian 
species now attracting so much attention. From a 
geological viewpoint many of them are among the most 
primitive inhabitants of this continent and lived in the 
forests ages before the arrival of the larger African fauna. 
These inconspicuous animals are of paramount importance 
in determining the distribution of animal life through- 
out the world, the connections and relationships of 
continents in former ages. If the forests go, these 
witnesses will also have gone forever! 

It is recognized that some of the observations for- 
warded are not new, but further observations of members 
of the South African fauna have been added to the body of 
accumulated knowledge to give a picture of the cryptic 
forest animals as a whole. No other general work on 
this particular group has been attempted in South 
Africa, and on some general ideas and principles that 
appear to be applicable to the cryptozoa. 

Readers will welcome the many simple but excellent 
sketches that enhance the discussional material. The 


black and white photographs are of high quality and 
dispersed throughout the book. 

This work certainly is of high value to students of 
advanced entomology and forestry, postgraduate stu- 
dents of natural science subjects, animal and plant 
ecologists, and to the biologically informed public. It 
will serve as a brief review of the subject as a whole, 
and it should stimulate interest in problems which are 
associated with a peculiar and isolated group of animals. 
It is written by a well poised and scholarly pen, the 
material is effectively and efficiently organized, and 
the observations are based on mature data resulting in a 
contribution to biological science that will live a long 
time.—IRVEN O. Buss 


AQUATIQUE d’E UROP E, by HENRI 

Vol. I, 556 pp., 523 figs.; Vol. II, 547 
pp., 492 figs. Encyclopédie En dunaineinns, Ser. 
A., xxx, xxxi. Paul Lechevalier, Paris. 1954. 
Price, 16,000 francs. 

The author attempts to present a work which will 
serve the purposes of the serious student of fresh water 
biology who is not a specialist in the field of insect tax- 
onomy. Consequently, he has included, in this ambi- 
tious work, material which should lead reasonably to an 
identification of adults and immature forms of the fresh 
water insects that occur in Europe. The reader is 
warned of the difficulties in the way of insect identifica- 
tion and the lacunae in our knowledge of immature forms. 
Identifications are taken through keys, descriptive ma- 
terial of the higher categories, and numerous illustra- 
tions, to genus. Some of the most important and most 
pertinent citations are given. No attempts are made 
at identification on the species level. 

An introductory section lays down the fundamentals 
of insect anatomy and classification, as well as a consider- 
ation of aquatic habitats and methods of studying, 
collecting, and rearing aquatic insects. Discussions of 
the individual orders are quite extensive and include a 
general description of the adults and immature forms, 
their metamorphosis, and the general biology of adult 
and immature stages, particularly in respect to the 
aquatic forms. Special consideration is given to the 
individual genera, but this is in most cases quite brief. 
Illustrations are copious, well chosen, and for the most 
part quite adequate. 

The treatment of the orders Collembola, Hemiptera, 
Odonata, Ephemeroptera, Megaloptera, Planipennia (= 
Neuroptera), Trichoptera, and Diptera follows the usual 
plan. The aquatic Hymenoptera are those which are par- 
asitic on aquatic larvae of other orders. The Lepidoptera 
treated in this work are, of course, the aquatic Pyralidae, 
and the author gives an extended and valuable discussion 
of the biology of these forms of this family. The Cole- 
optera are split into smaller family units than is custom- 
ary. Such families as the Chrysomelidae (Donaciinae) 
and Curculionidae, which contain feeders on floating and 
submerged aquatic plants, are given their due treatment 
along with the wholly or predominantly aquatic families. 

The keys are set in a variation of the paragraph 
(rather than in ve geet style which is commonly used 
in European works; but this variation, which consists 
of the omission of reference numbers to the paragraphs 
following (only references to paragraphs preceding being 
retained), may be confusing until one becomes used to it, 
and, even then, it is harder to use than the conventional 
form. The key to adult Coleoptera (Vol. I, p. 319), 
which deviates from a strictly dichotomous structure, is 
particularly confusing in this respect. However, the 
keys which I have examined are correctly constructed 
and can be used, once one understands their structure. 
Some errors, typographical and otherwise, occur. Men- 
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tion must be made of the amazing statement that the 
European corn borer is ‘‘d’origine américaine’’ (Vol. II, 
p. 148). In Vol. II, on page 509, the back reference 
number in paragraph 20 should be 1, not 16; and on 
pages 480 and 494 respectively, figures 436 and 450 should 
be reversed. These remarks are not intended in way of 
criticism, but rather as explanation or to correct some 
errors that may lead to the misuse of this otherwise 
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excellent work.—MAuRICE T. JAMEs. 


A MANUAL OF THE DRAGONFLIES OF NORTH 
AMERICA (ANISOPTERA), INCLUDING THE 
GREATER ANTILLES AND THE PROVINCES 
OF THE MEXICAN BORDER. By James G. 
NEEDHAM and MINTER J. WESTFALL, JR. Pp. xii + 
615, frontis. (color) + 341 figs., 22 tables. Univer- 
sity of California Press, Berkeley and Los Angeles. 
1955. Price, $12.50. 

This volume represents an up-to-date and authoritative 
treatment of the Odonata in general and the Anisoptera; 
the Zygoptera are to be the subject of a second volume. 
The first 59 pages deal with dragonflies in general (morph- 
ology of the adult and nymph, field studies, and an ex- 
planation of the procedures followed in the rest of the 
book), pages 61-603 contain a systematic treatment of 
the five families of Anisoptera (Petaluridae, Cordule- 
gasteridae, Gomphidae, Aeschnidae, and Libellulidae), 
and the book concludes with a glossary of descriptive 
terms, an index of synonyms, and a subject index. 

For each family, subfamily, and genus treated there is a 
general account of the group, keys to adults and nymphs, 
and in the case of the larger groups a table of the char- 
acters of the adults and/or nymphs in that group. 
Sixty-five genera and 332 species are treated; no sub- 
species are recognized. The account of each species 
includes a common name (in a few cases only), synonyms, 
principal bibliographic references, a description of the 
adult, comments on habitat and habits, distribution 
(by states and provinces), and the earliest and latest 
dates for the adults. 

The illustrations are a marked improvement over those 
in the ‘‘Handbook of the Dragonflies of North America,’’ 
published by Needham and Heywood in 1929. The 
majority of the illustrations are photographs. The 
use of such illustrations to depict general structural 
characters may be less desirable than drawings (rela- 
tively few of the photographs contain labeling), but they 
provide a clear and accurate method of depicting geni- 
talia and nymphs. For each genus there is a drawing 
showing the wing venation of a typical species, a photo- 
graph (rarely a drawing) of a nymph (except in one or 
two genera where the nymphs are unknown), and in 
the case of most of the larger genera photographs of 
abdominal appendages, wings, or other characters 
which serve to separate species. The second segment 
genitalia of the male are illustrated for relatively few 
genera; we miss these particularly in such genera as 
Aeschna (the spelling used in the book), Leucorrhinia, 
and Erythrodiplax, where they provide as good or better 
characters than the wings or terminal appendages. 

The keys represent another improvement over those 
in the 1929 book; they contain more characters (many 
of them new), and frequently references to figures. 
There are a few keys with which the student is apt to 
have trouble, and one (p. 355) which contains an error 
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in numbering and a couplet omitted, but by and large 
the keys are excellent. 

This book represents a much needed and valuable con- 
tribution to our entomological literature; it will be in- 
dispensible to anyone interested in dragonflies. 

—D. J. Borror. 


INSECTS OF MICRONESIA INTRODUCTION. By 
J. Linsey Gressitt, Vol. 1, 257 pp., 70 figures. Ber- 
nice P. Bishop Museum, Honolulu, Hawaii. 1955. 


This book defines MICRONESIA and includes a 
comprehensive review of the ecological features of the 
area. This information is considered from both the 
physical and biological aspects. A description of the 
area as a whole and of the island groups or chains is 
fully presented. Detailed information on the flora and 
fauna is considered and means of distribution and spread 
are discussed. Further, the influence and activity of 
man in the area are pointed out. 

The present volume is the first of 20 which will con- 
sider the insects and related organisms that occur and 
have been collected in the region. 

The book is excellently illustrated with detailed maps, 
and with figures that clearly show the ecological fea- 
tures of the several environments. The part played by 
insects in the ecological picture is ably shown. 

The contents of the volume are well organized, and 
indexed. A portion of the book is devoted to economic 
entomology. This phase is considered from the view- 
point of crops, host plants, beneficial insects and those of 
interest to medical and veterinary entomologists. 

The primary purpose of the introductory volume is 
to place emphasis upon the insects that occur in 
MICRONESIA, and to show the relation that exists 
between them and the other factors that make up the 
environment. This accounts for the detail given on 
geography and vegetation. 

The quality and the method of presentation are ex- 
cellent. The book is a useful guide, and is one that 
should be in the library of all who are interested in 
ecology and distribution. In fact, it is a work that 
should be greatly appreciated by anyone with a love for 
natural history. It is valuable to the economic en- 
tomologist in that it furnishes a general picture of the 
insect situation as it exists in the oceanic area. It should 
also prove helpful in studying movements of destructive 
insects from the Oriental region to the shores of North 
America or other parts of the world. 


—A. E. MICHELBACHER. 


GENERAL CATALOGUE OF THE HOMOPTERA, 
Fasc. IV, Fulgoroidea, Parts 11, 12, 14, and 16. 
By Z. P. MEtcaLr, State College Station, Raleigh, 
NAC. 

A bibliographic catalogue of the families, subfamilies, 
tribes, genera, and species. Each reference contains a 
supplemental note to indicate the character of the 
reference. Part 11. Tropiduchidae, 1954, 176 pp. 
Price $1.75. Remosa guérini nom. nov. pro Fulgora 
spinolae Guérin-Méneville (1856) nec Fulgora spinolae 
Westwood (1842). Part 12. Nogodinidae, 1954, 84 pp. 
Price $1.00. Part 14. Acanaloniidae, 1954, 64 pp. 
Price $1.00. Part 16. Ricaniidae, 1955, 208 pp. Price 
$2.25. 
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